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DEFINITIONS 

Applicable or Relevant and Amm - riate Requ irements. "Applicable" requirements are those 
cleanup standards, standards of control, and other substantive environmental protection 
requirements, criteria, or limitations promulgated under federal or state law that specifically 
address a hazardous substance, poilumt, contaminant, remedial action, location, or other 
circumstance a t  a CERCLA site. "Relevant and appropriate" requirements are those clean-up 
standards which, while not "appiicable" at a CERCLA site, address problems or situations 
sufficiently similar to those encountered at the CERCLA site that their u s e  is weil-suited to the 
particular site. ARARs can be action-specrfic, location-specrfic, or chemical-specific. 

Area of Concern. One or more source areas grouped spatially in close proximity and considered 
as one area for the purpose of data aggregation and exposure area determination withm the 
Baseline Risk Assessment. 

Baseline Risk Assessment. An analysis of the estimated potend adverse health effects (current 
or future) caused by hazardous substance releases from a site in the absence of any actions to 
control or mitigate these releases (i.e., under an assumption of no action). 

Cancer Risk. Incrementai probability of an individual developing cancer over a Metime as a 
result of exposure to a potential carcinogen. 

Cancer S l q  Factor. A plausible upper-bound estimate of the probability of a response per unit 
intake of a chemical over a Metime. The cancer slope factor is used to estimate an upper-bound 
probability of an individual developing cancer as a result of a lifetime of exposure to a particular 
level of a potential carcinogen. 

CERCLA Baseline Risk Assessment. (Human Health Evaluation) Under sections 104 and 121 
of CERCLA, the U.S. Environmental Protection Agency is r e q d  to assess the risks to human 
health posed by uncontrolled hazardous waste sites on the National Priority List. That 
assessment is conducted in the remedial investigatiodfeasibility study phase of the site cieanup 
process. When applied to the evaluation of the human health impacts caused by uncontrolled 
CERCLA sites (Le. , if no remedial action is taken), this process is termed the "baseline risk 
assessment. It 

Chemical of Concern. Any element, chemical, or radionuclide of anthropogenic origin present 
in sufficient concentration to warrant risk assessment for potential mediation, and where data 
quality is sufficient for risk assessment. 

Comprehensive Risk Assessment for the RFEIS. A site-wide iterative, increasingly quantitative 
analysis of the risks posed by historical and current activities to worker health, public health, 
ecological receptors and processes, and to natural resource services. 

a 
L 

Conceptual Site Modei. A "model" of a site developed at scoping using readily available 
information. Used to identlfy a l l  potential or suspected sources of contamination, types and 

E vii 
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concentrations of con taminants detected at the site, potentially contaminated media, and potential 
exposure pathways, including receptors. This model evolves as more and additional is gathered 
and is also known as "conceptual evaluation model." 

Conservative Screen. The CDPHE process where the application of risk-based concentrations 
to specific IHSS or source areas to determine whether the area is a candidate for No Further 
Action, for inclusion in a Baseline Risk Assessment, or for Voluntary Cleanup Action. 

Corrective Measures Studv. 
equivalent to a feasibility study conducted under Superfund. 

The portion of a RCRA mrrective action that is generally 

Data 0ual1 'ty Obiectives. Qualitative and quantitative statements that are developed before 
sampling begins to idenw the quality of data that must be collected before CERCLA actions. 

Data Validation. Evaluation, against defined criteria, of the technical aspects o f  sampling, 
handling, field measurements, and lab analysis for problems that could affect the validity or 
usability of the aoalytical result. 

Detection Limit. The lowest amount that can be distinguished from the normal "noise" of an 
anaificat instrument or method, 

Ecolo&cal Risk halvsis. The determinatioa of the probability and magnitude of adverse effects 
of envirmunental hazards on nonhuman biota, also called an Ecological Risk Assessment or 
Environmental Risk Analysis. 

Exposure Area. The area in which a potential receptor can reasonably be expected to contact 
COCs over a specified exposure duration. An exposure area can vary in size, depending on site- 
specific conditions and potential receptors. Default exposure areas for RFETS are 50 acres for 
ecological researcher or recreational user, 30 acres for c m n m e r c ~ i n d u ~  workers, and 10 
acres for residential receptors. 

Ebosure Assess ment, The determination or estimation (qualitative or quantitative) of the 
magnitude, frequency, duration, and route of exposure. 

Exposure Pathway. The course a chemical or physical agent takes from a source to an exposed 
organism- An exposure pathway describes a unique mecfianisrn by which an individual or 
population is exposed to chemicals or physical agents at or originating from a site. Each 
exposure pathway includes a source or release from a source, an exposure point, and an 
exposure route. If the exposure point differs from the source, a transport/exposure medium 
(e-g., air) or media (in cases of intermedia transfer) also is included. 

Exposure Point. A location of potential contact between an organism and a chemical or physical 
agent. 

-- 
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Exposure Route. The way a chemical or physical agent comes into contact with a n  organism 
( is . ,  by ingestion, inhalation, dermal contact). 

Feasibility Study. A study undertaken by the lead agency to develop and evaluate options for 
remedial action. The FS emphasizes data analysis and is generally performed concurrently and 
in an interactive fashoo with the remedial investigation, using data gathered during the FU. The 
RX data are used to define the objectives of the response actioo, to develop remedial action 
altematives, and to undertake an initial screening and detailed analysis of the alternatives. The 
term also refers to a report that describes the results of the study. 

Hazard Ouotient. The ratio of a single substance exposure level over a specifmi time period 
(e.g., chronic) to a reference dose for that substance derived from a simiLar exposure period. 

Hazard Index. The sum o f  hazard quotients for multiple substances and/or rnultqde exposure 
pathways. The HI is calculated separately for chronic, subchronic, and shorter-duration 
exposures. 

Individual Hazardous Substances Site, An individual location where hazardous substances have 
come to be located at a discrete area within the larger "Site." 

Interagency A F m e n t ,  A formal, negotiated agreement among EPA Region VIII, the State of 
Colorado, and the RFFO on the technicai aspects and milestones for the cleanup of the RFETS. 

No Further Action. A designation, approved by EPNCDPHE, that an IHSS, OU or source area 
has been assessed and that the estimated risks to humans and environment have been determined 
to be negligible. Therefore, no remedial action is required. 

Potential Chemicals of Concern. Chemicals that are potentially site-related and whose data are 
of sufficient quality for use  in the quantitative risk assessment. 

Preliminary Remedial Goals. Initial clean-up goals that (1) are protective of human health and 
the environment and (2) comply with ARARs, They are developed early in the process based 
on readily available infonnatioa and are modified to reflect results of the baseline risk 
assessment. They are also used during analysis of remedial alternatives in the Iu/FS- 

Oualitv Assurance Proixt Plan. Describes the policies, organiZatioo, functional activities, and 
quality assurance and quality control protocols necessary to actueve DQOs dictated by the 
intended use of the data. 

Reasonable Maximum Exposure, The highest exposure that is reasonably expected to occur at 
a site. 

Reference Dose. A preferred toxicity value for evaluating noncarcinogenic effects resulting from 
exposures at Superfund sites. It is an exposure level for the human population, including 
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sensitive subpopulations, that is likely to be without an appreciable risk of adverse effects over 
the period of interest. 

Risk Assessment, An evaluation of the potential adverse impact of a given event (e.g., an 
accident or the release of a hazardous substance) upon the well-being of a person or a population 
of humans or biota. It is a ptocess by whicb information or experience concerning the cause 
and effect under a set of circums&nces (e.g., exposure) is integrated with the extent of those 
circumstances to quaurn or otherwise describe risk. 

Risk Management. The process of deciding what actions to take in response to an estimated 
risk, 

Risk-Based Concentrations. Concentration levels for individual chemicals that correspond to a 
specific cancer risk level (e.g., 10-6, la") or hazard quotient (e.g., less than or equal to 1). 
They are generally selected as pretimrnary or frnal remediation goals when ARARs are not 
available, 

Source Arq. Areas containing organic PCOCs above reporting limits audlor ioorganic PCOCs 
at concentraticms or activities above the arithmetic m a  plus two standard deviations on the 
background data. 

Toxicity Assessment, The toxicity assessment is an evaluation of the type of adverse health 
effects associated with exposure to the chemicals of concern aud the magnitude of that exposure. 
The evaluation typically considers uncertainty, which is a statement that describes the confidence 
of the supporting information used for the toxicity evaluation, 

Uncertainty Analvsis in CERCLA Risk Assessment. The evaluation of the unlcnowns associated 
with qualitative and quantitative risk analysis i nduced  by: (1) lack o f  representativeness in 
sampliog of environmental media analyzed and the heterogeneity of physico-chemical 
characteristics of those media; (2) analytical emrs and matrix interferences; (3) unknowns in 
exposure scenarios; (4) inadequacies of toxicity effects and the concentrations at which those 
occur d l t i n g i n a  lack of approved toxicity criteria, (5) madequate characterization of routes 
of exposure, transport processes; and (6) madequate understanding of synergistic effects on 
receptors of multiple contaminants, 
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1.0 INTRODUCTlON 

This document prescribes the methodology for conducting the Human Health Risk 
Assessment (HHRA) portion of Baseline Risk Assessment (BRA) for the Rocky Flats 

Environmental Technology Site (RFETS). The HEIR4, coupled with the Ecological Risk 

Assessment (ERA), comprises a BRA, In accordance with the requirements of the Rocky Flats 
Cleanup Agreement (RFCA) among the U.S. Department of Energy (DOE), U.S. Faviroamental 

Protection Agency P A ) ,  and the State of Colorado, BRAS are performed for each of the 

Operable Units (OUs) defmed in the agreement. 

1.1 Purpose 

The purpose of this HHRA methodology is to direct risk assessors for RFETS to relevant 

documents and site-specific agency agreements to produce KHRAS that are acceptable to both 
the EPA, DOE, and the State of Colorado. The State of Colorado is represented by the 

Colorado Department of Pubiic Health and Environment (CDPKE). To achieve this purpose, 

it is necessary to understand the purpose of an HHRA. 

The purpose of the "RA is to develop a quantitative description and assessment of the risk 

to the public posed by the chemicals of concern (COCs) at an OU. Specifically, goals of the 

HHRA include providing: 

An analysis of baseline human health risks to help determine the need for action at 
sites 

A basis for determining levels of contaminants that can remain onsite and still be 
adequately protective of public hdth 

A basis for comparing potential health impacts of various remedial alternatives 

A consistent process for evaluating and documenting risks to public health 

Information for effective risk management. 
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1.2 seope 

The scope of this document is to summan'ze key d o n s  of existing agency guidance, and 

integrate RFFZS-specific documents and agency agreements with published agency guidance. 

Current EPA guidance for nsk assessment, Risk Assessment Guidance for Superfund (RAGS) 

(EPA, 1989a), encompasses the f u l l  spectrum of situations that may be encountered at Superfund 

sites- As a result, it is written in general terns. This "U methodology reviews some of the 

key Sections that directly apply to RFETS, and refers the reader to RAGS for additional 

background. 

The RFlXS specific risk assessment policy as defraed by the DOE Rocky Flats Field Office 

(RFFO) is documented in RFI 5480.3, Rocky Flats Field office Risk Assessment Policy, (DOE 

1994)- This policy dehes  the roles and responsibilities of the RFFO and its contractors for 

meeting applicable requirements when conducting risk assessments at the RFEI'S, (DOE 1994a). 

The RFFO policy should be cousulted for additional RFETS specific infomation and references. 

Several risk assessment topics have been the subject of ~~SCUSS~OQ and agreement among 

DOE, EPA, and CDPHE. Where appropriate, this document references or summarizes existing 

DOE, EPA, and CDPKE documents or agreements. Figure 1-1 illustrates the RFETS "R4 

methodology specified in the DOE, EPA, and CDPHE agreements. References to relevant 

sections of  this document are also provided, Supporting materiais for conducting specific steps 

of the risk assessment process have been developed at RFEls and are referenced or summarized 

in tixis methodology. Irm addition, example text or tabie she& are provided to guide the risk 

assessor in documenting the "E&4, Risk assessors for each OU must ensure that the content 

of the "RA satisfies the 0 U - m ~  objectives. 

1.3 Rocky Flats Environmental Technology Site Information 

General information about RFETS that is relevant to an HHRA includes the site history, 

the regulatory fkmework, and a physical description of the site. Site history and regulatory 

framework is found in the RFFTS cleanup worirplan, (CWP), (CWP, 1995) Section 1.0 
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Figure 1-1 H H R A  
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Introduction. RFETS site physical description is provided in the CWP, (CWP, 1995) Section 
2.0, Site Damption. OU-specific information may be found in d@ in the individual OU 
w o r k p h s ,  the CWP, and the first few sections of the Remedial InvestigatiodResource 

Conservation and Recovery Act (RCRA) Facility investigation 0 report. This 
information may be summarized from the WRFI report and included in the "RA to allow it 

to be a "stand alone" document, Refereaces can direct the reader to the source document for 

further detail. 

The Uniform Baseline Data Set (UBDS) should also be consulted (when it becomes 

available) for RFETS specific information. Examples of information that will be available from 

the UBDS are RFETS demographics and exposure parameters, The UBDS is being developed 

in 1994 and 1995 and its use will be required in fiscal year 1996. 

1.4 "U Methodology Organization 

This document is organized into the following sections, which together represent the 

components of the DOE, WA, and CDPHE agreements integrated with the traditional 

CERCWRCRA HHRA methodology: 

* DataEvahation 
* Identification of COCs 

ExposUreAssessment 
* ToxiciityAssessment 

Risk Characterization 
* EmRARepoR- 

CDPRE Conservative Screen of PCOCs 
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2.0 DATA EVALUATION 

The first step in conducting an HHRA at RFETS is data evaluation, Components of data 

evaluation include identification of data needs and data requitements prior tu data coilection and 

the subsequent generation of a usabie data set for the "RA. These components are discussed 

in the following subsections. 

2.1 Data Needs Identification 

Identxfying data needs, specifically for the HHRA, is one component of overall WFS 

planning. The definition of "W data needs is integrated with the definition of data quality 

objectives @QOs) for the WFS. Data for each of the major components of the "RA are 

needed to adequately assess the current and future risk posed by a site. However, because the 

data input to site characterization and to the exposure assessmen& axe site specific- (Le., are 

unique to the contaminants and physical charactexistics of a site), emphasis during the planning 

stages is on these components. Data needs associated with the toxicity assessment and risk 

characterization are assessed after the site characterization is complete and in parallel with the 

exposure assessment. Data for the toxicity assessment typically consist of EPA-derived toxicity 

values and uncertainty factors. 

This section discusses the data needs relevant to the components of the "RA process, 

Additional instruction is provided in Guialance for Dara Useability in Risk Assessmenr, (Parts 

A and B), (EPA, 1992a) and RAGS, P A ,  1989a), as well as: 

Guidance for Planningfor Data Colkcrion in Suppon of Environmental Decision-Making 
Using the Data Quality Objectives Process, (EPA, 19941) 

Draft WETS Data Management Plan for ER Management (EG&G, 1994a) 

Rocky F h s  Plant Site-Wi& Quality Rrsurance Project Plan for CRZCLA H/FS and 
RCRQ RFI/CMS Activities (EG&G, 1991). 
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Data needs for site characterization, exposure assessment, toxicity assessment, and risk 

characterization are discussed in the following subsections. 

2.1.1 Site Characterization Data 

Data colIected to support site characterization are used in the RYFSIRemedial 

Design/Remedial Action process; thus, the development of "RA data requirements parallels 

the data requirements to meet the DQOs. For "RA purposes, the output of the site 

characterization is measured or modeled concentrations of contaminants in each of the source 

areas (i-e., IHSSs) and medium of concern. Data needs are formulated in terms of 

characterizing the source-pathway--or. Generally dara used for the "RA include 

charactemon of: 

* The source or sources of contaminaton 

The extent of con tamhation in each medium potentially affected 

The potentially affected media with which a current or future receptor may come in 
contact 

Depending on the detail of source cbaracterization data available in historical information 

(e.g., disposal records, previous investigations, removal records), the source characteristics may 

be well known or interpolated. The Hisrorical Releare Report (DOE, 1992) documents an 

extensive effort to gather infomation at the IHSS level for use in determining the potential 

source characteristics. The need for additional source characterization is determined during 

project q i n g  and, i f  additional c k x t e m n ~  ' 'on is conducted, should include an analyte suite 

which encompasses the list o f  chemicals of potential concern and transformation products for 

those chemicals. 

As discussed in Sections 4.0 and 5.0, the contaminant concentration distributions wiU be 
used to delineate source areas and areas of concern at the OU level. Characterization of the 

extent of contamination encompasses contaminant concentration distributions within the MSSs 

and those contaminants that have potentially migrated outside of the IHSSs. Fate and transport 
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modeling can be used to predict concentrations that may effect future receptors. For the RI as 

well as the KHRA, all media presenting a potential exposure route or transport mechanism 
should be characterized for the chemicals suspected in the source. This ckacterization allows 

the development of the conceptual site model. The number and locations of samples included 

in the "EA should allow for characterization of: 

Statistical comparison with background concentrations for each medium of concern 

Statistical distributions of contaminant concentrations for each medium of concern 

Contaminant levels that can be compared to risk-based concentrations 

AU potential exposure points within each medium 

Migration to potential exposure points including input data for fate and transport models 

Potential exposures based on possible future land uses. 

Exposure kssessment Data 

The exposure assessment uses the site characterization data to estimate exposure-point 

concentrations for each medium of concern and area of concern. Via conceptual model 

development and fate and transport modeling, exposure-point estimates can be calculated for 

future receptors. Data needs for the exposure assessment are summarized as follows: 

Contaminant release rates from the s o u r n  (either known or modeled) 

Physical, chemical, and biological parameters for evaluating transport and transformation 
of site-related chemicals 

m e t e r s  to characterize receptors according to their activity, behavior, and sensitivity 

Estimates of exposure concentrations for COCs, environmental media, and receptors at 
risk 

Estimates of chemical intake or dose for receptors via all exposure pathways and in 
exposure areas. 
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2.1.3 Toxicity Assessment Data 

As indicated in Section 2. I ,  the data for toxicity assessment typically consists of EPA- 

derived information regarding the potential for particular contaminants to cause adverse health 

effects. In a toxicity assessment, data are collected fiom acceptable s o u m  of informatioa. 

Toxicity assessments are procedural and include the following steps: 

1. Gather qualitative and quantitative toxicity information for COCs 
2. Detennine toxicity values for noncarcinogenic effects 
3. Determine toxicity values for carcinogenic risks 
4. Summarize the toxicity information. 

Data required for the toxicity assessment include: 

All available toxicity values for a l l  chemicals and exposure pathways 

* Uncertainty factors and confidence meaSures for reference doses (RfDs) and weight-of- 
evidence classifications for caner slope factors (CSFs). 

2.1.4 Risk Characterization Data 

The risk characterization is an integral component of the "RA that combines the output 

of the exposure assessment and toxicity assessment to interpret, present, and quantify the results 

of the "RA. Because of this output, specific data needs for risk characterization are similar 

to data needs previously identified. 

2.2 Data Quality Objectives Development 

The development of DQOs identfies the data requirements for the "RA. Establishing the 

DQOs is discussed further in the WETS CWP, (CWP, 1995), Sectiou 4.4.5 Data Quality 

Objectives. 
- 
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2.3 Data Set Generation 

Data sets generated from RFEDS output q u i r e  "cleanup" and treatment prior to use in the 

HKRA. The data-set-generation steps are described in the following Sections. 

23.1 Data Cleanup 

The "data cleanup" of RFEDS output is a task to make the data consistent. The process as 

provided in a memorandum from M. Siders regarding "Practical Suggestions for Users of 

RFEDS Data" (EG&G 1994b) and detailed in Appendix A, consists of a series of  steps which 

includes : 

0 

e 

0 

e 

e 

e 

* .. 
e 

e 

e 

Staodardization of units 

Standardization of  geologic codes 

Standarhtion of locations i f  the location designation has changed over time 

Standardization of analyte names (usage has changed over the years) 

Deletion of blank "form-generated" records for which no results are given 

Exclusion of  QC data from the working data set 

Removal of any rejected data (Validation code = "R") 

Replacement of non-validated records with corresponding validated records (if available) 

Correction of  incorrect units (e.g., pH should have "PH" as the Unit, not "MG/L" as the 
unit) 

Treatment of  DUP/REAL pairs 

Appropriate use of  diluted @E) results 

Outlier analysis. 
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2.3.2 Data Treatment 

The manner in which analytical results are classified as non-detects is dependent upon the 

analyte group. The following discusses non-detect classification for radionuciides, organic, and 

inorganic analytes as summarized from M. Siders memorandum dated April 5, 1994 (EG&G 

1994b). 

AU data for radionuclides should be used as detects, except for rejected data (Validation 
code = R). For radionuclide data, DOE Order 5400 states, "All of the actual values, 
including those that are negative, should be included in the statistical analyses." 

For organics, the result qualifier (entered in the Qualifier field) should be used to 
determine the percentage of non-detects. Non-detects for oragmic analytes are generally 
qualified "U", but other designations may also appear in the result-qualifier field. 

Positive detectious (Le., "hits") of some commoa laboratory contamtnan * ts such as 
acetone, methylene cbloride, and certain phthlates may indicate cross-contamination if 
detected in the associated laboratory blank, such sample results are designated as a "B" 
in the Qualifier field- EPA guidance for data validation and risk assessment (EPA, 
1989a) indicates that if the concentration o f  a common lab contaminant in a sample is 
more than 10 times the concentration of the sample analyte in the associated blaok, then 
the sample result is taken to be real (i.e., a "hit"), not athibutable to laboratory 
contamluah on. For other analytes that are not typically found as laboratory 
contarmnan * ts, EPA guidance (EPA, 1989a) states that if the concentration in the sample 
exceeds five times the concentration in the associated blaak, then the sample result is 
taken to be real, not attributable to laboratory contamination. 

* .  

* For metals and other chemical parameters (inorganics), it may be ineffective to rely on 
the result qualifier alone. The following criteria have been employed to differentiate 
detects from non-detects, and are suggested as guidelines for the data: 

- If the Qualifier field contains a "U", the result is used as a nou-detect (Le., censored 
data point). 

- If the Qualifier field is blank and the result is greater than the reported detection 
limit, the result is used as a detected value, barring evidence to the contrary. 

- If the Qualifier field (for inorganics) contains a %", which indicates that the result 
was above the IDL but below the CRDL, the result is used as a detected value. 

- Other characters may also be found in the Qualifier field, and, barring any other 
evidence to the contrary, these are generally accepted as detects. 
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Data-treatment requirements with respect to "RA COC identification and calculation of 

exposure-point concentrations inciudes replacement of non-detect values. With the exception of 

the Gehan Test (used as part of the background comparison), non-detect values should be 

replaced with 0.5 times the reported detection limit in accordance with Section 5.3.3 of RAGS 

@PA, i989a). 
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3.0 IDENTIFICATION OF CHEMICALS OF CONCERN 

This section describes the methodology used to idenm COCs for which potentd risks for 

each RFETS OU will be estimated. The goal of selecting COCs in this phase of the HKRA is 
to iden* specific chemicals in each environmental medium that may pose human health 

hazards. Once identifed, COCs will be advanced through the quantitative risk assessment to 

characterize risk for a l l  current and potential future human receptors. 

The first step of COC selection involves identlfying PCOCs whch includes distinguishing 

sample data from background data. Following this, the selection of COCs for the "EL4 

proceeds simultaneously with the CDPHE Conservative Screen (described in Section 4.0). The 

relationship between the CDPHE Conservative Screen and the "RA process is illustrated in 
Figure 1-1. 

The following screening criteria will be applied to a l l  chemicals detected in each 

environmental medium (surface soil, subsurface soil, surface water, groundwater, sediments, and 

air) to select COCs for each OU: 

Background comparison for inorganic chemicals (including radionuclides)/ 
PCOCS 

0 Human essential-nutrient analysis 

* Frequency of detection analysis 

Risk-based C O U C X U ~ ~ O U  S C ~ I I  

Concentration-toxicity screen 

Professional judgement. 

Figure 3-1 presents the flowchart for applying the screening criteria. Eiimination criteria 

will be applied in the order presented; at each decision point, the chemical w d  be eliminated 
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Figure 3-1 COC Identification 
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or retained for further consideration. Prior to initiation of the screening process, data will be 

aggregated by medium and analyte. A summary presentation of the data is discussed further in 
Section 3.7 and will include: 

Chemicalname 

Reported detectioa limit 
Frequency of detection 

* Minimum detected concentration 
Maximum detected concentration 

Chemical-specific contract required quantitation limit (CRQL) 

Arithmetic or geometric mean concentration. 

3.1 Background Analysis 

The frrst step in the COC selection process is to distinguish between contamination 

associated with site activities and nonanthropogenic (naturally occurring) background conditions. 

To make this determination, a background analysis is conducted. Professional judgement must 

be applied to ensure the background data set is appropriate for comparison to the OU data set, 

(for example geologic conditions should be considered). The output of the background analysis 

is a list of PCOCs. Figure 3-2 illustrates the PCOC identification process. 

The statistical methodology used to conduct the background analysis (Le., PCOC 

identification) for nonanthmpogenic compounds has been developed and approved by DOE, 
EPA, and CDPHE, Additional clarification was provided through the EG&G Rocky Rats ER 

Management (EG&G, 1995). 

Methods used to analyze whether a metal or radionuclide exceeds background levels 

include a five-phase process methodology, with the final phase of PCOC selection to be 

application of "professional judgement." The reader is referred to Gilbert (1993) for the full 
explanation. Appendix B, Background Comparison for Metals and Radionuclides, contains 

additional information and summarized guidance. The fourth phase consists of a battery of 

statistical tests as summarized in the following bullets. 
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Figure 3-2 PCOC Identification 
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Analytical results for metals, radionuclides, and water-@ty parameters are 
compared to the background data using up to four statistical tests: the Quantile test, 
Slippage test, Student's t-test, and the Gehan test as described in a letter report by 
Gilbert (Gilbert, 1993). The analyte is considered to be above background if it fails 
any test at the pS0.05 sigrilfcance level, provided the test is supported by an 
appropriate data set. Analytes with greater than 80% cannot be compared using 
stath id  tests, and test results for anaiytes having 50 - 80% nondetects should be 
reviewed with caution. 

* Lognormal upper tolerance level m,) comparison is performed. The 
background U'I&w presented in the Background Geochemical Characterization 
Report (BGCR) (EG&G, 1993) are calculated assuming that the background data are 
normally distributed, (probability plots or Shapiro-Wilks tests may be used). This 
assumption may not be appropriate for all analytes. An updated set of tables, 
produced using current data-treatment protocol (EG&G 1994b) includes UTL 
calculations for both normal and lognormal distributions (EG&G, 1994c; EG&G, 
19944). Concenmtions of some anaiytes may be within the background range 
according to all statistical tests performed, but one or two results may exceed the 
background m,99. This results in idenwing the analyte as a potential chemical 
of concern. When the distribution of the background data is tested, if the better fit 
is a lognormal distribution, the -,, will be recalculated based on lognormal 
distribution and the site results will be compared to the lognormal-based UTI+,,. 
This statistical re-evaluation may result in excluding some analytes as PCOCs. 
Again, UTLs cannot be reiiably calculated for analytes with a very high rate 
( > 80%) of nondetects, so always check the percentage of nondetects for all analytes 
listed in the tables. 

The source of background data is the Background Geochemical Characterization Reporl 

(BGCR) (EG&G, 1993) but revised tables of summary statistics and UTLs have been produced 

using the data from the 1993 BGCR (EG&G 1994c; EG&G 19944). These more recent tables 

supply the results of distributional testing (Shapiro-Wilk) and both normal and lognormal UTL 
values. Use of these more recent tables is required. Because samples of surfkial soils were not 

collected and analyzed for the original BGCR program, OUs 1 and 2 collezted samples of 

surficial soil from the Rock Creek background area. To date, these data were the only validated 

background data for surfcial soils. However, as a second phase of the BGCR, a study of 

background surficial soils was initiated in 1994. 

If the battery of statistical tests indicates a statistical difference above background levels, 

the chemical wdl not be eliminated under phase 4 of the comparison methodology. An exception 
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to this rule will apply i f  the statistical tests are inappropriate for the data set. For example, if 

a Student's t-test is initially used because it is assumed that the underlying probability density 

function is Gaussian, but further analysis reveals this assumption to be unsubstantiated, the result 

from the statistical test would be invalidated. As indicated on Figure 3-2, professional 

judgement will be used to retain or eiimimte chemicals depending on the appropriateness of the 

statistical test. Professional Statisticians should be consulted prior to eliminating such 

con taminants. Presentation of the results of the background comparison will include descriptive 

statistics, statistical tests, power of tests, and results of the test. 

3.1.1 Background Analysis Professional Judgement 

An EG&G interoffice memo adequately describes the professional judgement section of 

background analysis (EG&G, 1995). This memo is summarized in this section. 

As described below, professional judgement is narrowly defmed. It can be used to include 
a chemical that did not appear to be sigxuficantly different from background based on the 
results of the statistical tests, but which the OU manager believes should be included 
because of a preponderance of  historical data suggesting that the chemical may have been 
released in si@icant quantities to the environment. Professional judgement can also be 
applied to exclude a chemical for which at least one of  the statistical tests was signrficant. 
but the difference fmm background can be expiruned by spatial, temporal, or pattern- 
recognition concepts. 

Professional judgement may also determine that there was an invalid application of the 
statistical tests (e.g., distributional assumptions were violated; non-detect rates were so 
high that the statistid tests actually compared replacement (Le., "fabricated" values; etc), 
thereby making the test results highly suspect or meaningiess. The reader is referred to 
Gilbert (1987) or other statistical texts for a detailed discussion. However, Gilbert has 
stated that the analyst should "...not compute the Wilcoxon Rank Sum test if more than 
40% of either the reference-area or cleanup unit measurements are less-than values" and 
that "if fewer than r measurements are greater than the limit of detection, then the Quantile 
test cannot be performed" (Gilbert and Simpson, 1992). The value of r must be 
determined from tables (see Gilbert and Simpson, 1992). 

The Environmental Protection Agency @PA) and the Colorado Department of Public 
Health and the Environment (CDPHE) have agreed that phase five of professional 
judgement shall be limited to an analysis of (1) spatial, (2) temporal, and (3) pattern- 
recognition concepts. 
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Spatial analysis requires concentrations of each PCOC to be plotted on a map; 
assessment of the plotted data should indicate the presence (or absence) of any trends 
in concentxation, and assist in delimiting any "hot spots." 

Temporal analysis is particularly relevant for ,groundwater data, where repeated 
sampling at one well offers the ovportunity to evaluate changes in analyte 
concentrations over time. Tme-series plots are used for this evaluation. Temporal 
analysis of data for sediment or other geologic materials is less useful or may not 
even be applicable. 

Pattern recognition includes such aspects as inter-elernent correlations (as noted by 
Gilbert, above), similarities in geochemical behavior, geochemical modeling to 
determine solubility controls on element concentrations, correlation between 
elemental concentrations and certain parameters (total suspended solids (TSS); the 
negative logarithm of the hydrogen ion activity @H); reduction-oxidation potential 
(Eh or pe, where Eh=O.O59"pe); clay content; organic content; cation-exchange 
capacity; etc.), and other recognizable patterns in elemental behavior. Comparison 
between TSS (continued) and "total" metals or "total" radionuclides should indicate 
if the d y t e  resides in the solid @articulates or sediments) or aqueous phase (Le., 
in solution); note, however, that the human health risk is based on the unfdtered 
samples so the chemical cannot be excluded as a PCOC based on a good correlation 
with TSS. Redox-sensitive species (sulfur, iron, vanadium, arsenic, antimony, 
selenium, uranium, manganese, etc.) have mobilities related to Eh, in addition to pH 
and composition. A geochemist should be consulted to evaluate these, and other, 
patterns of element behavior. 

However, with regard to TSS correlations, if the data analyst can show that TSS values 
in the OU sample markedly exceed those of background, this may be grounds for 
eliminating a metal or radionuclide. TSS correktions must be carefully evaluated on a 
--by- basis. 

In addition to these forms of professional judgement, the validity of the application of 
statistical tests should also be evaluated. For example, satistical comparison of data sets 
where one or both data sets have high nondetect rates or high value non-detects may well 
be an invalid use of the statistical tests (see Gilbert and Simpson, 1992). As noted by 
Helsel (1990) "...the fabrication of data followed by a t-test must be considered too 
arbitrary for use especially for legal or management decision purposes, and should be 
avoided. " The 'fabrication of data' here is the Same as "replacement of non-detect data" 
(Le., replacement with a value such as half the detection limit, or a value generated by 
maximum likelihood estimation calculations). Helsel (1990) defines a "small" amount of 
censoring as less than 20 percent non-detects, a "moderate" amount of censoring as 20 to 
50 percent non-detects, and a "large" amount of censoring as greater than 50 percent non- 
detects. (NOTE: "censored" is used here in the statistical sense, as indicating those data 
that are below the analytical detection h i t .  These data are used by replacement with a 
proxy value, such as one half of the detection h u t ,  or given a ranlung in nonparametxic 
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tests). For EG&G Rocky Flats, various reports (DOE, 1993a; DOE, 1994b; and others) 
have used 80 percent as the cut-off value for non-detects. However, all data analysts 
should realize the inherent uncertainty of statistical test results that are produced using data 
sets with greater than 50 percent non-detects. 

In addition to high non-detect mes invalidating the results of statistical tests, other 
potential pit€alls in the application of sbtistical tests include violation of distributional 
assumptions, variance assumptions, data independence assumptions, etc. For example, if 
parametric tests are used, the data sets should be normally distributed and have 
appmxhnately equal variances. If such assumptions are grossly violated, the results of 
such statistical tests are certainly suspect. For a more indepth discussioa of statistical 
tests, the reader is referred to Gilbert's letter report (1993), or to the many statistical texts 
that describe the assumptions of various sbdstical tests and the validity of their application. 

In summary, professional judgement is applied on a case-by-case basis. Also, DOE has 
ag-re-ed to bear the "burden of proof" in all applications of professional judgement. All 
such judgement must be backed up by thorough and thoughtful analysis of the available 
evidence. Maps, figures, and r e f e m  supporting the professional judgement must be 
included in the written evaluation. In general, all data presentations for the background 
comparison (e.g., box plots, histograms, etc.) need to be included in the Chemicals of 
Concern Technical Memorandum. 

3.2 Essential Nutrients Analysis 

Constituents may be elimhted from the risk assessment if they are essential human 
nutrients (EPA 1989a). Commonly detected chemicals considered to be an essential part of the 

daily human diet (EPA, 19944) include: 

Calcium 
* Iron 

Magnesium 
Potassium 

* Sodium. 

A toxicologist may apply professional judgement and consult EPA to assess if other 
essential nutrients are within acceptable levels. 
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3.3 Chemicals of Concern Frequency of Detection Analysis 

All metals above background levels and detected organic compounds are evaluated for 

frequency of detection. Compounds that are detected at a frequency of 5 percent or greater are 

considered potential OU-wide COCs. These compounds will be included in the concentration- 

toxicity screen (CTS) to iden* compounds that could contribute sigmfkantly to total risk 

(EPA, 1994) (Section 3.5). Compounds detected at less than 5 percent frequency are not 

considered characteristic of site contamination and the potential for exposure is low. Maximum 

concentrations of infrequently detected organic cornpounds and metals will be compared to risk- 

based concentrations (RF3Cs) as described in Section 3.4 to identlfy isolated or highly localized 

Occurrences of high concentrations of toxic chemicals (i.e., hot spots) that could pose a risk if 

routine exposure were to occur. These chemicals will be retained as special-case COCs for 

separate evaluation in the risk assessment. 

3.4 Risk-Based Concentration Comparison 

Although frequency of detection is an important elimination criterion to prevent spurious 

data from biasing estimation of  risks, an approach will be used to prevent small areas containing 

high contaminant levels from being eHmin;lted. As a health-protective precaution to ensure that 

"hot spot" contaminants are not eliminated as COCs, all  chemicals that satisfy the low frequency 

of detection criterion (less than 5% detection frequency) will be compared to RFETS-specific 

RBCs. RFFX'S-speclfic RBCs are the chemical-specific, pathway-speclfc, and medium-specific 

Programmatic F9-elimkm-y Remediation Goals (PPRGs) and are presented in Appendix C. These 

values were developed using approved risk assessment methodologies and represent screening 

levels whch should be used in the risk-based comparison. If the maximum detected value of 

an infrequently detected contaminant exceeds 1 ,OOO times its respective PPRG for any pathway, 

the chemical will be considered for inclusion as a special-case COC. A temporal analysis wdl 

then be conducted to determine whether to eliminate the chemical from further analysis or to 

retain it as a special-case COC. The temporal analysis applies to surface water, groundwater, 
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and air samples collected with specified frequency over a specified time period (for example, 

quarterly groundwater samples collected over 2 years). 

The result of the temporal analysis will be identification of chemicals that are mfrequently 

detected but that are detected at high concentrations and are associated with discrete events. 

These are termed speciai-caSe COCs and may wanant special consideration in any subsequent 

exposure assessment. That is, exposure may realistically occur only during specific events. 

3.5 Concentration-Toxicity Screen 

The purpose of a concentration-toxicity screen (CTS) is to reduce the number of chemicals 

carried through an "RA @PA, 1989a) and to focus the risk assessment on the chief 

contributors to potential risk. The criteria used in this screening step include the inherent 

toxicity of individual chemicals and the maximum detected concentmtion in each environmental 

medium for each OU. Toxicity values used to calculate individual risk factors are cancer slope 

factors (CSFs) for carcinogens, or the reciprocal of the reference dose 0) for screening 

chemicals that can produce noncarcinogenic effects. Thus, the risk factor for carcinogenic 

effects is the maximum detected concentration (or activity) multiplied by the CSF for that 

chemical. The risk factor for noncarcinogenic effects is the maximum detected Concentration 

divided by the RfD for that chemical. 

The following equatioa illustrates the pmcess: 

Rij = Cij * Tij 
where: 

(3.1) 

Ri' = chemical-specific risk factor for chemical i in the mediumj 
Cij = maximum detected concentration of chemical i in the mediumj 
Tij = toxicity value (either the CSF or l/RfD) for chemical i in the mediumj 

For chemicals with separate oral and inhalation toxicity values, the most conservative vaiue 

should be used in the CTS unless the most conservative is inappropriate for a specific medium. 
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For example, only the oral toxicity value should be used for nonvolatile metals and radionuclides 

in groundwater. Chemicals without EPAderived toxicity values cannot be screened by this 

procedure and will be advanced into the qualitative uncertainty analysis. 

Carcinogenic and noncarcinogenic chemic& will be evaluated separately for each 

environmental medium. Some analytes, such as arsenic, have both noncarcinogenic and 

carcinogenic effects and are, therefore, included in both screens. Furthermore, a separate screen 

will beperformed for radionuclides, due to differences in units of slope factors, [milligrams per 

kilogram per day-' (mg/kg-day)-'] vs. [picocurie-' @Ci)-']. After calculating individual cfiemical- 

specific risk values for each medium, appropriate risk values will be summed to obtain the total 

risk factor for the medium. Individual chemical-specific values will then be divided by the 

total risk factor to derive a chemical-specific ratio (RJ~/R/?, providing an index of the relative 

risk contributed for each chemical. All chemicals that contribute less than 1 percent (ratio of 

0.01) to the ovefall risk factor will be elimin;lted from further consideration. Consequently, 

chemicals advanced into the quantitative risk assessment will represent the COCs expected to 

contribute to the OU-related risk. 

3.6 Professional Judgement 

The last step of the COC selection process will involve applying additional professional 

judgement to ensure that hazardous chemicals are not unknowingly eliminated from the risk 

assessment and that only the most relevant COCs are retained. Professional judgemenr will be 

used to reevaluate the COCs identified based on the COC selection criteria described in sections 

3.1 through 3.5. 

In the case of organic chemicals-which are not compared to background, but which may 

also be evaluated spatially and temporally-it may be most efficient to apply professional 
- judgement to those chemicals that are 

be a risk driver according to the CTS, 
without any indication of a source, 

flagged in the CTS. For example, if toluene appears to 

but low levels of toluene are dispersed throughout an OU 

one may suspect that factors other than point-source 

33 
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contamination are responsible. If heretofore-unknown field or lab contamination were indicated 

through a more detailed investigation, then the argument for exclusioa may be put forth with all 

relevant evidence documenting the case. To conduct such a detailed investigation for all detected 

organic chemicals prior to the CTS would be a poor use of resources. 

3.7 Chemicals of Concern Technical Memorandum 

A technical memorandum (TM) describing the COC identification process is required per 

the IAG. The submittal requirements for the COC TM include an introduction to the PCOCs 

determined via the background analysis, essential nutrient analysis, and summary tables 

illustrahag the detection frequency analysis, CTS, and PPRG comparison. 

Example formats for summary tables to be submitted as part of the TM are presented in 
Tables 3-1 through 3-4. Table 3-1 summatizes data for each analyte and should be provided for 

each applicable media, Tables 3-2 and 3-3 document the CTS for carcinogenic and 

noncarcinogenic chemicals respectively. Table 3-4 summarizes the COC selection process for 

each analyte. The following information is provided in this summary table: if the analyte is 

si@icantly above or below background; is it an essential nutrient; what is the detection 

frequency; did it pass the RBC screen; did it pass the temporal analysis; did it pass the CTS; 
is i t  a special-case COC; and, is the analyte a COC. 
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Table 3-1 
Rocky Hats Environmental Technology Site: 

COC Selection, Data Sarmmary, for Environmental iMedia 

I I 

L I 

.I 

Notes: 

a. CRQL = contrrct required quadation l i t  
b. Reported in picocuries per gram or picocuries per liter 
mg/kg = dligrams per kilogram or milligrams p a  iitre 
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Table 3-2 
Rocky Flats Environmental Tedmology Site: 

COC Selection, Concentration-Toxicity Screen, for Carcinogenic Chemicals 

wyte 

Chemical- 
specific 

Weight of Maximurn ToxicityValw RiskFador 
EVidtXlCt? Concentration (CSF) mi Ratio of Ri/Rj 

Weightof- 
Evidence 
A 
B 

Maximum 
Analyte Concentration 

C 

Toxiaty Vahre Chanid-specific 
Risk Factor (Ri) Ratio of Ri/Rj 

D 
E 

Human Carcinogen (sufficient evidence of carcinogenicity in humans) 
Probable Human Carcinogen (Bl-limited evidence of carcinogenicity in humans; B2-sufficient 
evidence of carcinogenicity in animals with inadequate or lack of evidence in humans) 
Possible Human Carcinogen Wted evidence of carcinogenicity in animals and inadequate or 
lack of human data) 
Not Classifiable as  to Human Carcinogenicity (*hadequate or nu evidence) 
Evidence of Noncarcinogenicity for Humans (no evidence of carcinogenicity in adequate studies) 

Table 3-3 
Rocky Flats Environmental Technology Site: 

COC Selection, Concentration-Toxicity Screen, for Noncarcinogenic Chemicals 

II I Total Risk Factor (Ri) 
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4.0 COLORADO DEPARTMENT OF PUBLIC EIEALTH AND E W O N M E N "  
CONSERVATMZ SCREEN OF POTENTIAL CHEMlCALS OF CONCEXN 

This section describes a conservative screen to be applied to data from each OU to ensure 

that the requirements of RCRA and the Colorado Hazardous Waste Act (CHWA) are met. The 

CDPHE conservative screen was developed as part of the data aggregation process used in an 

"RA for RFETS by DOE, EPA, and CDPHE. The conservative screen will be used by DOE, 

EPA, and CDPHE to make a decision regarding no further action, voluntary corrective action, 

or further analysis through an "RA. 

The steps of the CDPHE conservative screen are: 

0 Perform a background analysis to iden* PCOCs as metals and radionuclides 
sigmfkantly above background levels based on statistical evaluation (Gilbert, 
1993), and organic target analytes detected above reporting limits. 

0 Delineate source areas that contain organic PCOCs above reporting h t s  andor 
inorganic (or radionuclide) PCOCs (that were si&icantly above background) at 
concentrations above the arithmetic mean plus two standard deviations of the 
background data. 

Calculate the REC ratio sum for each source area, The ratio of the maximum 
detected concentration or radioactivity to the REC is calculated for each organic 
PCOC above reporting limits and each inorganic PCOC that occurs in the source 
area at a concentration or radioactivity above the background mean plus two 
standard deviations. The RBCs used in the CDPHE risk-based screen are 
presented in Appendix C and are based on the conservative RME residential 
receptor. 

Maximum detected concentrations or radioactivities in soil are identified from 
samples collected up to a depth of 12 feet which is the depth recommended for 
use by CDPHE. The chemical-specific and radionuclide-specific ratios are then 
summed for each medium, resulting in ratio sums for each medium. Ratio sums 
for soil and groundwater (if present) are also added to yield a total ratio sum for 
residential exposure (RME). Lf any ratio or ratio sum exceeds 1, the source area 
warrants further evaluation. 

Apply the CDPHE conservative screen decision criteria- Use the ratio sums to 
designate source areas as candidates for no further action or as candidates for 
further evaluation in the "RA or possible early action. For source areas with 
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ratio sums less than 1,  DOE may perform a dermal evaluation, and if appropriate, 
pursue a no fur&her action alternative. For source areas with ratio sums between 
1 and 100, and greater than 100, DOE may evaluate the source area further in the 
baseline "RA and pursue a voluntary eariy action alternative, respemvely. 

e Define the areas of concern (AOCs) for the "RA for review and approval by 
DOE, EPA, and CDPHE, 

0 Prepare the CDPHE conservative screen letter report to summarize the results of 
the preceding steps. 

The flowchart in Figure 4-1 illustrates the CDPHE conservative screen. Each step is 

presented in the following sections. 

4.1 Perform Background Analyses 

Iden-g PCOCs from the background analysis described in Section 3.1 is the fmt step 

in the CDPHE conservative screen, The background analyses consist of the following statistical 

tests: the Gehan test, Quantile test, Slippage test, Student's t-test, and a UTI&, cornpaxison. 

These statistical methodologies are detailed in Appendix B. 

4.2 Delineate Source Ares 

The delineating of the nature and extent of contamination will include a description of  

source areas- For pot& organic contaminants, the criterion for identxfjhg source areas will 

be the detection limit; for potential inorganic contaminants or radionuclides, the criterion for 

idenwing ccmtamhnt source areas wilt be the arithmetic mean of the appropriate background 

population plus two standard deviations. The spatial extent of contamination for each PCOC 

within a source area may vary for each source because multiple contaminants may be detected 

in rnultqle media within each source. Therefore, professional judgement will  be used to define 

a source as all contamination that can reasonably be associated with the area based on historical 

use, site characterization, contaminant types, concentrations, al=fected media, and rates of 

migration. 
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Figure 4-1 CDPHE Conservative Screen 

. 
Perform Background Analysis to Identify PCOCs 

I * 

I I Calculate the R8C Ratio Sum for Each Source Area 

Delineate Source Areas - A Source Equals Any Area 
in Which Contaminant Levels Excesd: 

Detection limits for organic constituents 
Background mean plus two standard deviations for inorganic constituents. 

J 

m 

j= 1 

Maximum Concentration or Activity ij 
RBCRatioSum= c 

RBCij 

i = PCOC 
j = Medium 

I Appiy COPHE Conservative Screen Decision Criteria 1 

Ratio Sum s 1 1.c Ratio Sum400 Ratio Sum 2 100 

Exposure 

HHRA Process 

Define AOCs: 
One of More Source Areas Grouped 

Spatially in Close Proximity 

I Prepare the COPHE Conservative 
Screen Letter Report I 
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DOE will prepare one or more maps of the source areas (depending on the complexity 

of the OU) and submit thm maps to EPA and CDPEIE for review and approval. A meeting of 
the three agencies may be required to present the rationale for idenwing sources with complex 

media interactions or multiple potential contaminants. 

4.3 CaIculate the RBC Ratio Sum 

Each potential contamjnant in each medium has an associated medium-specific RBC that 

is calculated based on the following assumptions: 

0 Direct residential exposure 
0 

0 
Direct ingestion and inhalation exposure pathways 
A carcinogenic risk of 106 and a noncarcinogenic hazard quotient of 1.0. 

For each source identified, the maximum detected value for each potential coataminant 

in each medium should be determined. If elevated non-detect values are present (e. g., qualified 

with a v) that exceed the maximum detected value, these should not be used as maximurn 

values. Professiond judgement should be used to examine the reasonableness of the maximurn 

value within the data set. For example, values that are three orders of magnitude above the 

other data points may have been reported in incorre-ct units. 

Each contaminant-specific maximum umxmation should then be divided by its 

corresponding RBC with separate calculations performed for carcinogens and noncarcinogens. 

The PPRGs presented in Appendix C will be used as RBCs. The maxhurn concentration to 

RBC ratios for the source areas should then be summed for all  PCOCs for each medium and 
then across all media within a source. This sum is referred to as the ratio sum and is the basis 

for remedial decisions for each source area under the CSHWA. The ratio sum step is illustrated 

in Figure 4-1. Table 4-1 is provided as an example table shell for presenting the ratio sum 
calculation. 
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It II 

Table 4-1 
CDPEE Conservative Screen Ration Sums for Source Area 

Soil, Surface to 12 Feet Depth 

COC 

Depth of Max 
Location of Maximum RBCS RBCS Max Conc./RB 

Concentration hlaximum Concentrrtion carcino- Noncarcine Conc./RBC Noncar- 
or Activity Concentration (ft.) genic genic carcinogen dnogen 

I 
~ 

Contaminant 1 

~~~ 

Contammant 2 

Contamlnant 3 

Contaminant n 

Contaminant 2 

Contaminant 3 

Contamlnant n 

~~ 

inorganics (mg/kg) 

Contaminant 1 
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4.4 Apply CDPHE Conservative Screen Decision Criteria 

The decision criteria that will be used to evaluate source areas are illustrated in Figure 
4- 1. These criteria should be applied to each identified source area. The total ratio sums for 

carcinogenic or noncarcinogenic effects are an indication of potential risks to the receptors, 

assuming long-term exposure to maximum detected concentrations of PCOCs in soil and 

groundwater. For carcinogens, a total ratio sum of less than one indicates a potential total 

excess lifetime cancer risk of less than 106 (1 in l,OOO,0oO) from long-tern exposure to the 

maximum concentrations of PCOCs in that source area. A total ratio sum for carcinogens due 

to maximum concentrations that is greater than one but less than 100 indicates a potential total 

excess lifetime m e r  risk between 104 (1 in l0,OOO) and 106. This is the target cancer risk 

range that the EPA has adopted to guide remedial decisions at hazardous waste sites using 

average contaminant concentrations. A total ratio sum for carcinogens that is greater than 100 

indicates a potentiaUy unacceptable cancer risk from long-term exposure to maximum detected 

concentrations. For noncarcinogens, a ratio or ratio sum less than or equal to one indicates no 

toxic effects are expected. A noncarcinogenic total ratio greater than one indicates that there 

may be cause for concern for noncarcinogenic effects. 

This risk-based screen is conservative because it assumes that a long-term resident will 

be routinely exposed to the maximum concentratious of contaminants found in soil and 

groundwater. The screen does not coafirm that an actual risk exists. Ratio sums greater than 

one or 100 indicate that the area wanants further evaluation, but the ratios do not indicate that 
a n  actual health threat is present. 

If either the carcinogenic or noncarcinogenic totai ratio sum is greater than 100, that 

source area may be identified by DOE as a candidate for an early action. Source areas with 

ratio sums between one and 100 will be evaluated further in the baseline "RA. If both the 

carcinogenic and noncarcinogenic total ratio sums are less than one, the source area is a 
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candidate for no further action based on human health risk. In these cases, the risk from dermal 

exposure is evaluated to confirm that the ratio sums including dermal exposure are still less than 

one. 

4.5 Define AOCs for the HBRA 

One or several sources grouped spatially in close proximity are considered an AOC. 
This determination is made after the source areas have been screened by the CDPKE 

conservative screen. If source areas are clearly separated, then each is potentially an AOC. 

Those source areas that overlap or are adjacent to each other may be grouped using professional 

judgement . 

4.6 Prepare the CDpaE Conservative Screen Letter Report 

The CDPHE conservative screen letter report will include map and text summaries of 

source areas and AOCs, and tabular results of the CDPHE conservative screen. The letter 

report will serve as the basis for discussion and consensus among DOE, EPA, and CDPHE to 

proceed with the "RA given the exposure areas and contaminants identifed. The report will 

include: 

* Source area maps 

* Tables of all PCOCs, listing their RBCs, the maximum concentmtiodRBC ratio, 
and ratio sum 

* 

e Mip(s) of AOCs 

Brief discussion of the decision criteria 

e Professional judgement 

Background comparison (if applicable). 
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5.0 EXPOSLJREASSESSiMENT 

Exposure assessment for an “RA is the quantitative or qualitative evaluation of contact 

between a human receptor and chemical(s) or physical agent(s). Th~s  assessment: 

Describes the intensity, frequency, and duration of contact 

Evaluates the rates at which the chemical crosses the boundary into the receptor 

Evaluates the resulting amount of the chemical that actually crosses the boundary 
(dose) andor the amount absorbed (internal dose). 

The primary purpose of an exposure assessment as part of an “RA is to estimate total 

dose for a receptor in a given exposure area, which is combined with chemical-specific dose- 

response data used to estimate risk. 

The exposure area is the area in which a potential receptor can reasonably be expected to 

contact COCs over a specified exposure duration. An exposure area can vary in size, depending 

on site-specific conditions and potential receptors. At some sites, the exposure area is 

considered to be the entire site; at others, the exposure area is only a portion of the site. For 

RFETS, the agreed to AOCs are considered the exposure areas and are defined as one or several 

sources grouped spatially in close proximity. 

The process of a chemical entering the body occurs in two steps. First an exposure, or 

contact with the chemical, must take place, and second, actuai entry into the receptor must 

occur. After entry into the receptor the amount of the chemical absorbed by the body (internal 

dose) c a z ~  be estimated. 

The two major processes by which a chemical can cross the boundary from outside to inside 

the body are intake and uptake. Intake involves physically moving the chemical through an 

opening in the body such as the mouth or nose and usually occurs via inhalation, eating, or 

drinking. The chemical is normally contained in a carrier medium such as air, food, or dnnk. 

The estimate of how much of the chemical enters the body focuses on how much of the carrier 
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medium enters. The uptake process of a chemical entering the body involves absorption of the 

chemical through the skin or other exposed tissue such as the eye. Although the chemical is 

normally conrained in a medium, the medium typically is not absorbed at the same m e  as the 

chemical. Therefore, the estimates of the amount of chemical entering the body are greatly 

affected by such factors as the concentration gradient across the boundary and the permeability 

of the barrier. 

The foUowing sections describe the exposure assessment process and documentation. 

5.1 Identifying Populations and Land Use 

Potentially exposed populations that are applicable to the site should be characterized. 

Additionally, potential land uses should be identified. Current and future exposure scenarios can 

then be developed that realistically characterize the site and allow an exposure assessment to be 

completed. The RFETS CWP, (CWP 1995), contains a site description that includes present 

and future population information, geographic setting and topography, and geological and 

hydrological setting. Also local demographics information is provided in the I994 Popularion, 

Economic, and Lnnd Use Data BQse for the Rocky Flcus Environmental Technobgy Site, @OE, 
1994~). 

Currently, onsite workers make up the only potentially exposed populatioo for current 

onsite receptors. It is not expected that current or future offsite receptors will be addressed by 

each individd OU. Rather, exposure to all offsite receptors will be addressed in one risk 

assessment (assumed to be OU3, offsite areas). Future onsite receptors include: an industrial 

worker, office worker, construction worker, ecological researcher, and an open space receptor. 

These receptors do not include an onsite resident, and are consistent with the preliminary 

alternatives and recommendations of the RFETS future site use working group. 
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5.2 Selecting Exposure Scenarios 

An exposure scenario generally includes facts, data, assumptions, inferences, and sometimes 

professional judgement about the following: 

Physical setting where exposure would take place 

Exposure pathway(s) from source(s) to exposed individual(s) 

Characterization of the chemical(s) such as amounts, locations, environmental 
pathways, fate of chemical in environment, etc. 

Identification of the exposed individual(s) or population(s), and the profile of contact 
with the chemical(s) 

Assumptions about the transfer of the chemical to the receptor. 

Current and future human populations on and near the RIT7.S are potential candidates for 

evaluation based on their likelihood of exposure to site-related COCs. EPA guidance does not 

require an exhaustive assessment of every potential receptor and exposure scenario (EPA, 

1992~). Rather, the highest potential exposures that are reasonably expected to occur should be 

evaluated, along with an assessment of any associated uncertainty @PA, 1989a). However, 

potential receptors will be identified and evaluated to ensure that the important exposure 

pathways and receptors have been included. 

Some potentiai receptors that have been routinely idatitled andor assessed in the past 

will no longer always need to be quantitatively assessed, These receptors are: a future onsite 

gravel miner, a future onsite residential receptor, and current and future offsite receptors. It 

appears likely that future mining operations wiU only be feasible in the western portions of the 

RFETS buffer zone. This area is outside OU boundaries except for OU1 I and therefore mining 

will not need to be assessed in the other OUs. Based on the most current information gathered 

by the RFETS future site use working group, future onsite residential receptors are outside the 

range of what is reasonable for the future use of the RFETS. Therefore, future onsite residential 

receptors w d l  not need to be quantitatively assessed. Finally, offsite receptors are exposed to 
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the cumulative effects of COCs released fmm the entire RETE. Therefore, limiting the 
exposures of these receptors to individual OU COCs does not provide a complete assessment of 

the potential risks and should not be provided, 

The approach to eliminating these potential receptors from further evaluation is consistent 

It is also consistent with the with agreements made between DOE, EPA and CDPHE. 

recommendations of the RFETS future site use working group. 

5.3 Refining Conceptual Site Model and Pathway Analysis 

Information concerning waste sources, waste constituent release and transpoct mechanisms, 

and locations of potentially exposed receptors is used to develop a conceptual understanding of 

the site in terns of potential human exposure pathways. 

The conceptual site model (CSM) is a schematic representation of the contaminant source 

areas, contaminant release mechanisms, environmental transport media, potential human intake 

routes, and potential human receptors. The purpose of the CSM is to: 

Provide a framework for problem definition 

Identtfy exposure pathways that may result in human health risks 

0 Aid in idenwing data gaps 

Aid in idenming effective clean-up measures, if necessary, that an targeted at 
significant contaminant sources and exposure pathways. 

Figure 5-1 shows a generalized CSM for potential human exposure pathways. As illustrated 

in this example, primary, secondary, and neglieble or incomplete pathways are identified for 
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each potential human receptor. Primary pathways can be defined as resulting in potentially 

complete and signrficant exposure, and secondary pathways as potentially completeand relatively 

insignificant exposure. Both primary and secoadary pathways should be quantitatively addressed 

in the HHRA. Quantitatively addressing primary and secondary exposure pathways will provide 

for risk estimates that do not underestimate actual risks. Negligible or incomplete exposure 

pathways are designated in the example CSM, however, these pathways are not quantitatively 

addressed in the "RA but should be qualitatively discussed. 

Sigdkant  pathways are those that involve relatively direct exposure or only moderately 

reduced concentrations due to contaminant fate and transport. In contrast, hsiflcant pathways 

are those that are expected to result in exposure concentrations one or more orders of magnitude 

lower than si@icant exposure pathways. In addition, negligible or incomplete pathways are 

those where fate and transport are expected to reduce contaminant concentrations by several 

orders of magnitude or more in comparison to sigmfkant exposure pathways. 

5.3.1 Identifying Sources and Release MecttanismS 

As indicated in the CSM example in Figure 5- 1, the contamination is traced from primary 

source to potential human receptor. First, the primary release mechanisms are identifed for the 

primary source(s), then the resulting secondary sources are identified, and finally, the secondary 

release mechanisms (as appropriate) are described. Subsequent sources and release mechanisms 

are identified until the exposure route for the con taminant is reached. Potential human receptors 

are identifkd, and the probable si@icance of the potential exposure for each receptor and 

exposure route is determined. 

5.3.2 Identifying Complete Pathways 

As previously discussed, the CSM aids in identxfying potentially complete pathways for the 

"RA. An exposure pathway describes a specific environmental pathway by which an 

individual receptor could be exposed to contaminants present at or originating from a site. An 
exposure pathway includes five necessary elements: 

-\ 
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Source of chemicai(s) 
Mechanism of chemical release 
Environmental transport medium 

A human intake route. 
Exposure poiat 

Each of these five elements must be present for an exposure pathway to be complete. Then 

all potentially complete pathways will be discussed, by scenario, in the HKR4. An incomplete 

pathway means that no human exposure can occur. Only potentially complete and relevant 

pathways need be addressed in HHRAs for the RFETS. 

5.4 Identifying Exposure Area and Exposure Point Concentrations 

After AOCs and COCs have been identified, exposure point concentrations are estimated 

for each COC in each environmental medium. All COC data w i t h  the AOC will be aggregated 

over the appropriate exposure area, Steps in the exposure area procedure include. 

Deternine the size of the exposure area for each scenario by considering the receptors, 
the toxicity of the COC, and exposure pathways. Default exposure areas for REETS 
are 50 acres for ecological researchers or open space receptors and 30 acres for 
commercial industrial workers. 

Plot all COC data, including data below background or detection limit, on a map of 
the OU. 

Consult with toxicologists and health physicists from DOE, EPA, and CDPHE to 
properly place grids of exposure areas over each AOC. 

If an exposure area is larger than the appropriate grid@), identify the exposure area 
representing the highest risk by considering COC concentrations, contaminated 
environmental media, and potential exposure pathways. If the exposure area 
associated with the highest risk within the OU cannot be readily defined, several 
exposure areas may need to be analyzed. Analyze data within the exposure area using 
the following procedure: 

- Using the complete OU data set, determine the Statistical 
distribution (normal or Iognormal) for each COC in each 
environmental medium. 
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- Plot the data in a histogram graph showing frequency of detection 
versus concentration. 

Use EPA’s Supplemental G u i h e  to R-4G.Y: Gdculonng the 
Comemation Term (EPA, 19926) to calculate the 95th percent 
upper coafdence limit (95% UCL) of the arithmetic mean over 
each exposure area for each COC. Guidance for treatment of data 
sets with nondetects is presented in Sectioa 5.3.3 of RAGS. If the 
COC data are lognormally distributed, use Supplemental Guidance 
to RAGS @PA, 19924) highlight 5. If the COC data are R O I - Q I ~ ~ ~ ~  

distributed or am determined to be ~on-paramebic, use highlight 
6. The guidance states that calculation of the 95 % UCL using data 
sets with fewer than 10 samples per exposure area provides a poor 
estimate of the mean concentration. Data sets with 20 to 30 
samples per exposure area provide a fairly consistent estimate of 
the mean. For limited amounts of data, the 95% UCL can be 
greater than the highest measured concentration. In these cases, 
the highest measured value should be used as the concentration 
tenn. A professional statistician should be consulted for questions 
regarding the treatment of nondetects in the data set and 
calculation of the exposure point concentration. Uncertainties in 
the estimates of the mean concentrations will be addressed in the 
uncertainty analysis. 00 a case-by-case basis, with the approval 
of the regulators, geostatistics may be utilized to evaluate spatmi 
continuity of data, 

5.5 Identifying Exposure Equations and Parameters 

Identdj expsuE equations and parameters for the complete pathways discussed in Section 

5.3. Use the exposure point concentrations of chemicals in- the various media (discussed in 

Section 4) to estimate the potential human intake of those chemicals via each exposure pathway. 

Intakes are expressed in terms of milligrams of chemical ingested, inhaled or dennally a b s o M  

per kilogram of body weight per day (mg/kgday). Intakes are calculated following guidance 

in RAGS (EPA, 1989a), the Exposure Faaors Handbook (EPA, 1989b), other EPA guidance 

documents as appropriate. Appendix D provides RFETS site-specific exposure factors that are 

incorporated into the intake equations. Intakes are estimated using the Appendix D that include 

body weight, inhalation volume, ingestion rates, soil or food matrix effects, and frequency and 

duration of exposure. 
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Calculations are conducted to iden* the central tendency (CT) value for intake and the 

reasonable maximum exposure value for intake. The tables in Appendix D provide both 

CT and RME values and provide appropriate footnotes to assist the risk assessor. The C T  value 

for intake is estimated by using CT values (e.g., mean and median) for exposure variables. The 

RME is estimated by selecting values for exposure variables so that the combination of all 

variables results in the maximum exposure that can reasonably be expected to occur at the site. 

Both calculations use the 95 % UCL exposure point concentration @PA, 19924). 

The general equation for calculating intake in terms of mg/kg-day is: 

CXIRXEFXED 
BW XAT 

Total Intake = (5.1) 

where: 
TotalIntake = mg/kg-day 

C = Concentration in mg/vol 
IR = Intake rate in voYday 
EF = Exposure frequency in days/years 
ED = Exposure duration in years 
BW = Body weight in kg 
AT = Averaging time in days 

For noncarcinogenic chemicals, intakes are calculated by averaging over the period of 

exposure to yield an average daily intake. For carcinogens, intakes are calculated by averagmg 

the total cumulative dose over a lifetime, yielding "lifetime average daily intake." Different 

averaging times are used for carcinogens and nonwcinogens because it is thought that their 

effects occur by different m e c h s r n s .  The approach for carcinogens is based ou the current 

scientific opinion that a high dose received over a short period of time is equivalent to a 

corresponding low dose spread over a lifetime. Therefore, regardless of exposure duration, the 

intake of a carcinogen is averaged over a 70-year lifetime @PA, 1989a). Equation 5.1 is used 

to calculate intakes of radionuclides except that the denominator (body weight x averaging time) 

is excluded. Intakes of noncarcinogens are averaged over the period of exposure because 
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potential effects would be expected to occur during the period of exposure. The following are 

generalized pathway-specific equations in use at RFETS. 

Ingestion of Water 

C W X J R X E F X E D  
BW x AT 

Intake (mg/kg-day) = 

where: 
CW = 
IR = Ingestion rate (Uday) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averagmg time (period over which exposure is averaged 

Chemical concentration in water (mg/L) 

For calculation of radionuclide intakes, the concentration is expressed in pWL, and the 

expression is not divided by body weight and averaging time. The intake for radionuclides is 

expressed in pCi. 

Dermal Contact with Water 

The equation used for dermal contact with contaminants in water is presented below. This 

equation calculates the actual absorbed dose (i.e., intake, not the amount of chemical that comes 

in contact with the skin, 

(5.3) CW x SA x PC x E T x  EF x ED x CF 
BW x AT 

Absorbed Dose (mglkg-day) = 

where: 
c w =  
SA = 
PC = 
E T =  
E F =  
E D =  
c F =  
BW = 
AT = 

Chemical concentration in water (mg/L) 
Skin surface area available for contact (cm’) 
Chemical-specific dermal prmeability constant (cmihour) 
Exposure time (hours/days) 
Exposure frequency (dayslyears) 
Exposure duration (years 
Volumetric conversion factor for water (1 UlOOO cm3) 
Body weight (kg) 
Averaging time @rid over which exposure is averaged - days) 
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Inhalation of Airborne Contaminants 

Airborne contaminants may be either io the vapor phase or, in the case of metals and 

radionuclides, in particulate form. Dermal absorption of vapor-phase con taminants is considered 

to be negligible in proportion to inhalation intakes and, therefore, is disregarded in accordance 

with RAGS @PA, 1989a). The following equation is used: 

where: 
CA = 
I R =  
E F =  
E D =  
BW = 
AT = 

CA x IR x EF x ED 
BW x AT 

Intake (mg/kg-day) = 

Contaminant concentration in air (mg/m3> 
Inhahtion rate (m3/day) 
Exposure frequency (days/year) 
Exposure duration (years) 
Body weight (kg) 
Averagmg time (period over which exposure is averaged - days) 

(5.4) 

For calculation of intakes from inhalation of particulates, only the fraction of the particulate 

concentration in air that is considered to be respirable (< 10 pm) is evaluated. The resphtory 

model developed by the International Commission on Radiological Protection indicates that 

particles with sizes above 10 pm are relatively unimportant contributors to internal dose (NCRP, 

1985). For calculation of radionuclide intakes, the concentration is expressed in pCi/m3 and the 

expression is not divided by body weight 

expressed in pCi. 

Incidental Ingestion of Soil or Sediments 

The following equation is used in 
contaminants in soil or sediments: 

Intake (rng/kg-day) = 

and averaging time. The intake for radionuclides is 

calculating the intake from incidental ingestion of 

(5 .3  CS x IR x CF x FI x EF x ED 
BW x AT 
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where: 
cs = 
r R =  
c F =  
F I =  
E F =  
E D =  
BW = 
AT = 

Chemical concentrations in soil (mg/kg) 
Ingestion rate (mg soil/day) 
Conversion factor (1 P kg/mg) 
Fraction ingested from contaminated source (unitless) 
Exposure frequency (days/years) 
Exposure duration (years) 
Body weight fig) 
Averaging time (period over which exposure is averaged - days) 

For calculation of radionuclide intakes, the concentration is expressed in pCi/kg, and the 

expression is not divided by body weight and averaging time. The intake for radionuclides is 

expressed in pCi. 

Dermal Contact With Soil or Sediments 

The exposure from dermal contact with con taminants in soil and sediments is calculated 
ushg the following equation which muits in an estimate of the absorbed dose, not the amount 

of chemical in contact with the skin (Le., intake): 

CS x CF x SA x AF x ABS x EF x ED (5.6) Absorbed Dose (rng/kg-day) = BW x AT 

where: 
cs = 
CF = 
SA = 
A F =  

A B S =  
E F =  
E D =  
BW = 
A T  = 

Chemical concentration in soil or sediments (mg/kg). 
Conversion factor (106 Wmg) 
Skin surface area available for contact (cm2/event) 
Soil to skin adherence factor (mgfcm2) 
Absorption factor (unitless) 
Exposure frequency (eventdyear) 
Exposure duration (years) 
Body weight (kg) 
Averaging time @nod over which exposure is averaged - days) 
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Ingestion of Garden Fruits and Vegetables 

The contaminant intakes for ingestion of garden produce are calculated using the following 

equation: 

CF x IR x FI x EF x ED 
BW x AT 

Intake (mg/kg-day) = (5.7) 

where: 
CF = Contaminant concentration in food (mg/kg) 
fR = Ingestion rate (kg/day) 
F'I = Fraction ingested from contaminated source (unitless) 
EF = Exposure frequency (daydyear) 
ED = Exposure duration (years) 
BW = Body weight (kg) 
AT = Averaging time (period over which exposure is averaged - days) 

For calculation of radionuclide intakes, the concentration is expressed in pCi/kg, and the 

expression is not divided by body weight and averaging time. The intake for radionuciides is 

expressed in pCi. 

External Radiation E X D O S U ~ ~  

Radionuclide intakes for external exposure are calculated using the following equation: 

(5.8) Intake @Ci) = C x ED x (1 -Se) x Te 

where: 
C = Isotope activity @Ci/g) 
ED = Exposure duration (years) 
Se = Gamma shielding factor (unitless) 
Te = Gamma exposure factor (unitless) 

Omitting chemical concentrations or dose from the intake equation yields an "intake factor" 

that is constant for the respective exposure pathway and receptor. The intake factor can then 

be multiplied by the concentration or dose of each chemical to obtain the pathway and receptor- 
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specific intake of that chemical. Intake factors are calculated separately for each applicable 

exposed receptor and exposure pathway. Contact rates, such as dermal contact, caloric intake 

and inhalation (but not soil ingestion) am approximately proportional to body weight. Body 
weight is not exactly proportiord to surface area and age-specific body WeigWinhalation rates 

differ by factors of two or less. However, these differences are assumed to be negligible when 

compared to the other uncertainties associated with risk assessment. 

5.6 Developing an Exposure kssessment Technical Memorandum 

The Exposure Assessment Technical Memorandum (EATM) describes present, future, 

potential, and reasonable use exposure scenarios to be evaluated and identifies reasonable 

maximum intake parameters for estimating contaminant intake via these pathways. The EATM 
is normally submitted prior to initiating the exposure assessment calculations. 

The contents of the EATM include: 

Population, land use, and current and future human exposure scenarios 

Complete exposure pathways identified by the CSM 

The route(s) of con taminant intake 

Maps of AOCs and grid placement 

Intake equations and parameters for each potentially contaminated medium, such 
as soil, water, and air. 

The EATM does not quantify COC intake. The magnitude of exposure is dependent on the 

COC concentration at the exposure points, which will be estimated based on the analpcal results 

of the OU Phase I Site Investigation and fate and transport modeling, as appropriate. 
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5.7 Using Fate and Transport Modeling 

If concentrations in the media cannot be measured, they can frequently be estimated 

indirectly by using fate and traasport modeling. To accomplish this, fate and transport models 

use a combination of general relationships and situation-specific information to estimate 

coacentrations of chemicals in different environmental media, the distribution of concentrations 

over space and time, indoor air levels of chemicals, concentrations in foods, and so forth. 

Because models rely on indirect measurements and data remote from the point of contact, 

statistically valid analytical measurements take precedence if discrepancies arise. 

The term model refers to computer codes or a set of equations that can be used to represent 

site conditions and the transport of COCs through soil gas, groundwater, surface water, and air. 

The models incorporate site-specific data and interpretations of and estimates derived from site- 

specific data. The combination of a computer code and site-specific data is generally referred 

to as a site-specific model. 

Modeis selected should be capable of incorporating key COC transport and transformation 

processes and simulating the important domain characteristics and rnateriaYfluid properties. The 

following five categories should be considered when selecting models for use: 

* Documentation, peer-review, and availability 
* practicality and cost-effectiveness. 

Ability to adequately simulate RFEIS conditions 
Ability to satisfy the objectives of the study 
Verification of the model using published analytical equations 

Considerations for implementing a model include: 

* 
0, Availability of the model 

Availability of and confidence in input data that will support the model 

Degree and nature of documentation 
Extent of peer review of the model 
Nature of model verification and validation and testing 
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Computer systems on which the model has been used 
User famihrity with the model. 

The following subsections describe modeling that may be used in an HHRA. 

5.7.1 Using the CSM to Determine Modeling Needs and Objectives 

The CSM evaluates exposure pathways by their potential contribution to exposure and 

classifies them as sigufkant, insigmticant, and negligible or incomplete, Sigmficant pathways 

should be examined to iden* the need for modeling. Pathways involving direct exposure to 

sources may use measured source data directly and do not require modeling. Pathways with 

multiple release mechanisms may require fate and transport modeling (e.g., resuspension of 

subsequent airborne contaminant soil and transport offsite). 

Many fate and transport models are available for use and the listed categories and 

considerations discussed in section 5.7 should be consulted prior to the final selection of a 

specific modeits). The goal of fate and transport modeling is to simulate contaminant migration 

from source areas in soils, groundwater, surface water, sediments, and air to potential on-site 

and off-site receptors. The results of the modeling are then used in the HHRA of the BRA, and 

may also be used for the EE. 

5.7.2 Overview of Models and Data Needs 

The following sections provide an overview of the modeling specific to contaminants in soil 

gas, groundwater, surface water, arid air. This document does not discuss specific models; 

however, when specific models are selected for use at RFETS, it is important tu idenm and 

document the assumptions and limitations associated with each model and its application. Use 
of modeling should be documented in an OU-specific modeling TM as discussed further in 

section 5.8. The following Four sections discuss soil gas transport, groundwater, surface water, 

and air modeling. 
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5.7.2.1 Soil-Gas Transport - The objective of soil-gas modeling is to predict the transport 

and resulting concentrations in air of contaminants through the soil-gas pathway. Such 

predictions will be formulated to provide the information necessary to perform an HHRA. 
Normally the highest concentrations of contaminants from the soil gas pathway are inside of a 

building, therefore, part of the modeling investigation should be directed at characterizing the 

geotechnical suitability of the site for construction of buildings associated with future human 

receptors. Examples of the data needed for a soil gas model(@ that may or may not require 

assumptions include: 

Properties of the site such as soil porosity, water content, and hydraulic conductivity 

Environmental properties such as relative humidity 

Building characteristics such as pressurization and ventilation rate 

Chemical-speclfc properties such as vadose zone concentration, groundwater 
concentration, solubility, Henry's law constant, and biodegradation rate. 

5.7.2.2 Groundwater - A hydrogeological conceptual model provides a description o f  the 

primary processes that control the movement of solutes in the subsurface. Such processes 

include groundwater flow rates and directions, solute release rates and timing, recharge and 

discharge rates, dispersion, degradation rates, and adsorption, Vadose zone and groundwater 

modeling should consider site-specific conditions, the location(s) of the groundwater flow, 

recharge and discharge, the primary source(s) of contamination, the distribution of boundary 

conditions, and material types. Examples of data required for the modeling effort include: 

* Specific storativity 
* Porosity 

Molecular dispersion 
* 

Horizontal and vertical hydraulic conductivity 

Residual and saturated moisture content. 

5.7.23 Surface Water - The purpose of surface water modeling is to estmate the 

potential concentration of contaminants in associated surface water locations at RFETS. Ths 
potential for future transport of contaminants by surface water erosion can be evaluated using 
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empirical mathematical models. Because of the dispersed nature of drainage patterns associated 

with overland flow, nonpoint sources associated with overland flow are very difficult to monitor 

using conventional methods. Nonpoiot source models consist of equations to predict surface 

water runoff supplemented with methods to calculate sediment movement. Combined, the two 

components describe con taminant transport associated with overland flow and nonpoint sources. 

The equations describe total contaminant concentrations in overland ffow (dissolved, adsorbed 

and solid components), and total contaminant mass loading. Assumptions associated with surface 

water modeling include: 

Area of site that affects surface water 
Area of contaminated soils 
Contaminant concentrations in soil 
Soil erodibility factor 
Cover/management factor 
Length-slope factor 
Raidail factor 
Seasonal water flow. 

5.7.2.4 Air - The objective of a i r  modeling is to provide estimates of emissions, 

dispersion, surface deposition, and fate of contarmnan ' ts released from the site. Both near-field 

and far-field scenarios should be developed for the site. Far-field models are more complex and 

include most of the requirements of near-field models, with the addition of transport, dispersion 

and deposition of contaminants. Site characteristics that require simulation include: 

* Meteorological conditions 
= 13iSpersion assumptions 

Special conditions 
Timedomain 
Terrain characteristics. 

Conditions at the receptor which must also be represented by the model include: 

* Height 
Location 
Exposure pathways 
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Occupancy factors 
Consumption or usage. 

5.8 Documenting Fate and Transport Modeling 

The fate and transport modeling TM is prepared as part of the "&4 process. The TM 
provides a brief description of the RFETS conditions, emphasizing those conditions that have 

greater impact on the modeling results. It documents the specific criteria that were used to 

select the models, and as appropriate, why the criteria are critical. The TM then describes the 

specific model(s) selected for use, and to which media and pathways the rnodel(s) are applicable. 

Specific data requirements for each model should be identified, and finally, a data summary of 

the rnodel(s) parameters should be included. 

5.9 Documenting the Exposure kssessment 

After the appropriate modeling has been completed, the results need to be documented in 

The following subsections discuss how modeling results are the exposure assessment. 

incorpolated. 

5.9.1 I)ocumenting Fate and Transport Modeling Remits 

The results of fate and transport modeling for the associated medium should be documented 

along with critical assumptions that are made. Modeling can be useful to derive contaminant 

L73 

conce~~traZions in groundwater, surface water, and air. The results are usually summarked in 

a format consistent with the selected RME values and that can be directly incorporated into the 

intake equations; or, a 95% UCL value can be calculated. 
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5.9.2 Documenting Biouptake Results 

Modeling results applicable to biouptake of contaminants though ingestion of fruits, 

vegetables, meat, milk, fish, and shellfish should also be documented in the exposure 

assessment. As discussed in RAGS, the primary items of concern for exposure by ingestion of 

COCs that have accumulated in food are: 

Fish and shellfish 
0 Vegetables aad other produce 
0 Meat, eggs, and dauy products (domestic and game species). 

To incorporate modeling results and determine pathway-specific and COC-specific 

biouptake, the equations in RAGS should be consulted. 

5.10 Calculating Intakes 

As discussed in Section 5.5, calculations ate conducted for CT and RME values for intake 

@PA, 19924). The RME is estimated by selecting various input values for exposure variables 

so that the combination of all variables in the intake equations results in the RME that can be 
expected to occur. This approach usually results in individual intake variables that are not at 

their maximum; however, when combined with other variables, yields estimates of RME. Site- 

specific parameten for each receptor, pathway, and respectwe intake equation are identified in 

Appendix D and should be documented in the exposure assessment. The parameten can be 

summarized in tables to make the correfatioo between pathway-specific intake quations and the 

correct parameters obvious, DuMg the exposure assessment, specific probability distributions 

for each exposure parameter may also be identified for use in the quantitative uncertainty 

analysis. 
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Table 5-1 provides an example of an intake factor equation, along with the respective 

parameters for inhalation of particulates. Exposure parameters specdic to RFETS have been 

developed to provide information necessary to calculate a (3" and RME values for intake. These 

values are found in Appendix D and should be used unless alternate values can be justified and 

are approved by DOE, P A ,  and CDPHE. 

Combining situation-specific input parameters and COC coocentrations in respective intake 

equations, yields values for receptor intakes that can then be used to determine potential health 

risk. After the intake values are calculated, they may be presented in tabular form, such as in 

Table 5-2. In Table 5-2, pathways are presented in column headers and the rows contain COCs. 

Thus, each intake presented is identified with a specific pathway and a specific COC. Organize 

intake tables and associated risk tables in the same manner to facilitate reading and checking. 
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Table 5-1 
Ingestion of SoillDust 

Future Onsite Office Worker 

Parameter Central 
Tmdency 

IR = lahalation rate (mglday) 5 

FI= Fraction ingested (unitless) 0.9 
I 

RME 

50 

I .o 
AF = Absorption factor (matrix effect in GI tract) 

(unitless) 

EF = Exposure frequency (day/yr) 

ED = Exposure duratiou Qt) 

Chemical Specific Chemical Specific 

219 250 

4 25 

Note: See Appendix D for all RFETS site-specific exposure factors 

AT = Averaging time (days) 
Noncarcinogenic 
Carcinogenic 

Table 5-2 
COC Intakes 

1460 9125 
25550 25550 

I+ 1 

COC 2 

COC 3 

COC n 
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6.0 TOXICITY ASSESSMEN“ 

Toxicity values are used to characterize risk and toxicity profdes summarize toxicological 

information for radioactive and noaradioactive COCs. Consistent with RAGS (EPA, 1989a), 

the toxicity information is summarized for two categories of potential effects: noncarcinogenic 

and carcinogenic. These two categories are selected because of the slightly differing 

methodologies for estimating potential health risks associated with exposures to carcinogens and 

noncarcinogens. The toxicity assessment section of this “RA methodology discusses obtaining 

toxicity values, developing toxicity profiles (for those COCs not listed in IRIS or HEAST), and, 

if required, preparing, a toxicity assessment TM. 

6.1 Obtaining Toxicity Values 

The toxicity values used quantitatively in H K U  are obtained from two major sources. The 

primary source of information is EPA’s lntegraed Risk I n f o m ’ o n  Sysrem (KEUS) (EPA, 

1994b). IRlS contains ody those toxicity values that have been verified by EPA’s Reference 

Dose or Carcinogen Risk Assessment Verification Endeavor (CRAVE) Work Groups. The IRlS 

database is updated monthly and, per RAGS, supersedes all  other SOUTCS of toxicity 

information. If the necessary data are not avadable in IRIS, EPA’s  most recent issue of Health 

Eflecrs Assessment Swnmary Tables (HEAS?? (for exampie EPA, 1994c) is used. The tables 

are published annually and updated approximately two times per year with supplements. 

HEAST contaios a comprehensive listing of provisional risk assessment information that has 

undergone review and has the concurrence of individual EPA Program Mias, but has not had 

enough review to be recognized as high-quality, agency-wide consensus infomatiou @PA, 

1993). HEAST is also the only source for radionuclide slope factors. Values that are pending 

or that have been withdrawn should not be used quantitatively unless a0 EPA Region Vm 
toxicologist approves their use for RFETS risk assessment. Route-teroute extrapolation of 

toxicity values is not recommended and historically has not been done at RFETS except were 
oral criteria is used for dermal exposures. 
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Secondary sources of information may be used qualitatively in "R4. Previous years of 

IRIS and KEAST may be reviewed to track changing values. EPA toxicologists, both regional 

and national, may also Serve as information sources and may provide contact to the 

Environmental Criteria and Assessment Mice for provisional values. Ail information sources 

should be documented in the toxicity assessment. 

6.1.1 Toxicity Assessment for Noncarcinogenic Effects 

Potential noncarcinogenic effects will be evaluated in the risk characterization by comparing 

daily intakes (calculated in the exposure assessment) with chronic RfDs developed by EPA. This 

section provides a definition of an RfD and discusses how it will be applied in the risk 

assessment. 

A c h n i c  RfD is an estimate (with uncertainty spanning perhaps an order of magnitude) of 

the daily exposure that can be incurred during a Lifetime, without an appreciable risk of a 
noncancer effect being incurred in human papulations, including sensitive subgroups (EPA, 

1989a). The RfD is based on the assumption that thresholds exist for noncarcinogenic toxic 

effects (e.g., liver or kidney damage). RfDs are typically calculated by dividing a dose 

(represenling a no-observed-adverse-affect level or a lowest-observed-adverse-effect level), at 

which there are no signifkmt measurable effects produced, by an uncertainty or safety factor 

that typically ranges from 10 ta 10,OOO. The RfD is rounded to one significant figure and is 

presented in units of mglkg-day. Thus, there should be no adverse effects associated with 

chronic daily intakes below the RfD value. Conversely, if chronic M y  intakes exceed this 

threshold level, there is a potentid that some adverse noncarcinogenic heaitb effects might be 

observed in exposed individuals- 

RfDs have been derived by EPA for both oral and inhalation exposures. However, in 

January 1991, EPA decided to replace inhalation RfDs with Reference Concentrations (RfCs). 

RfCs are expressed in terms of concentrations in air ( m g / d ) ,  not in terms of "dose" (mg/kg- 

day). This decision was based on two factors: 1) EPA believed that it was technically more 

accurate to base toxicity values directly on measured a i r  concentrations instead of making the 
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metabolic, pharmacokinetic, andor other adjustments required to estimate an internal dose; and 

2) for compounds that elicit route-of-enuy effects (e.g., sensitizers and initants), where the toxic 

effect is to the respiratory system or exchange boundary, EPA believed that a measure of 

internal dose might inappropriately imply effects to other organ systems or effects from other 

exposure routes (EPA, 1993). 

The chronic oral and inhalation RfDs and RfCs for the COCs should be compiled in a table 

for the HHRA report. The table should also provide information on the uncertainty factors used 

to derive the RfDs, the o v e d  confidence in the RfD (as provided in INS), and the target 

organs and critical effects that are the basis of the RfD. The table should also indicate how 

specific inhalation RfDs are derived, (e.g., through a route-to-route extrapolation from the oral 

RfD or through extrapolation from the RfC). An example of a table for presentation of 

noncarcinogenic toxicity values and supporting information is provided as Table 6-1. 

6.1.2 Toxicity Assessment for Carcinogenic Effects 

Potential carcinogenic risks will be expressed as an estimated probability that an individual 

might develop cancer from lifetime exposure. This probability is based on projected intakes and 

chemical-specific dose-response data called cancer slope factors (CSFs). CSFs and the estimated 

daily intake of a compound, averaged over a lifetime of exposure, are used to estimate the 

incremental risk that an individual exposed to that compound may deveiop cancer. There are 

two classes of potential carcinogens: chemical carcinogens and radionuclides. For the purposes 

of toxicity assessment, each of these two classes of elements or compounds are discussed 

separately. 

6.1.2.1 Toxicity Assessment for Chemical Carcinogens - Evidence of chemical 

carcinogenicity originates primarily from two sources: lifetime studies with laboratory animals 

and human (epidemiological) studies. For most chemical carcinogens, animal data from 

laboratory experiments represent the primary basis for the extrapolation. Assumptions relevant 

to the following issues arise from extrapolating experimental results: 
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Across species (Le., from laboratory animals to humans) 

From highdose regions (Le., levels to which laboratory animaIs are exposed) to low- 
dose regions (Le, levels to whick h u m s  are likeiy to be exposed in the environment) 

Across routes of administration (e.g., inhalation versus ingestion). 

Federal regulatory agencies have traditionally estimated human cancer risks associated with 

exposure to chemical carcinogens ou the administered-dose basis according to the following 

approach: 

The relationship between the administered dose and the incidence of cancer in animals 
is based on laboratory animal bioassay results. 

The relationship between the administered dose and the incidence of cancer in the low- 
dose range is based on mathematical models. 

The dose-response relationshrp is assumed to be the Same for both humans and animals 
if the administered dose is measured in the proper units. 

Thus, effects from exposure to high (Le., administered) doses are based on laboratory 

animal bioassay results, while effects associated with exposure to low doses of a chemical are 

generally estimated from mathematical models. 

For chemical carcinogens, EPA assumes a small number of molecular events can evoke 

changes in a single cell that can lead to uncontrolled cellular proliferation and tumor induction. 

This mechanism for carcinogenesis is referred to as stochastic, which means that there is 

theoretically no level of exposure to a given chemical carcinogen that does not pose a small, but 

finite, probability of generating a carcinogenic response. Since risk at low exposure levels 

cannot be measured directly either in laboratory animals or human epidemiology studies, various 

mathematical models have been proposed to extrapolate from high to low doses (Le., to estimate 

the dose-response relationship at low doses). 

Currently, regulatory decisions are based on the output of the linearized multistage model 

(EPA, 1989a). The basis of the linearized multistage model is that multiple events may be 
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needed to yield tumor induction (Crump et al., 1977). The linearized multistage model reflects 
the biological variability in tumor frequencies observed in animal or human studies. The dose- 

response reiationshrp predicted by this model at low doses is essentially linear. CSFs calculated 

for nonradiological carcinogens using the multistage model represent the 95% UCL on the 

probability of a carcinogenic response. Consequently, risk estimates based on these CSFs are 

conservative estimates representing upper-bound estimates of risk where there is only a 5-percent 

probability that the actual risk is greater than the estimated risk. 

Weight-of- 
Evidence 

a 

B 

C 

D 

E 

Uncertainties in the toxicity assessment for chemical carcinogens are dealt with by 

classrfying each chemical into one of several p u p s ,  according to the weight-of-evidence from 

epidemiological studies and animal studies. These Groups are shown in Table 6-2. 

Description 

Human Carcinogen (sufficient evidence of carcinogenicity in humans) 

Probable Human Carcinogen (Bl-limited evidence of carcinogenicity in 
humans; B2-sufficient evidence of carcinogenicity in animals with inadequate 
or lack of evidence in humans) 

Possible Human Carcinogen (limited evidence of carcinogenicity in animals 
and inadequate or lack of human data) 

Not Classifiable as to Human Carcinogenicity (inadequate or no evidence) 

Evidence of Noncarcinogenicity for Humans (no evidence of carcinogenicity in 
adequate studies) 

I 

The oral and inhalation CSFs for the COCs should be compiled in a table, including the 

weight-of-evidence, source reference, and date. In addition, as with RfDs, the CRAVE Work 

Group believes that a unit conversion is required to pment inhalation CSFs in the units of 

(mg/kg-day)-'. Consequently, CSFs should also be provided for the inhalation route as unit risks 

in units of "per microgram per cubic meter" @g/d)-'. AII example of a table for carcinogenic 

toxicity values and supporting information is provided as Table 6-3. 
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6.1.2.2 Toxicity Constants for Radionuclides - Extensive literature exisrs that describes 

the health effects of radionuclides on humans and animals. Intensive research by national and 

international commissions has established universally accepted limits to which workers and the 

public may be exposed without clinically detectable effects. This literature has resulted in EPA 

classQing all radionuclides as Group A carcinogens because they emit ionizing radiation, which, 

at high doses, has been associated with increased cancer incidence in humans. For 

radionuclides, human epidemiological data coUected from the survivors of the Hiroshima and 
Nagasaki bomb attacks form the basis for the most recent extrapolation by the National Academy 

of Sciences (1980). Conversely, for most nomdiological carcinogens, animal data from 

laboratory studies provide the primw basis for the extrapolation. Another fundamental 

difference between the assessment of potential toxicity associated with exposure to radionuclide 

and nonradionuclide carcinogens is that CSFs for radionculides are t y p i d y  best estimates (mean 

or median values rather than upper 95th perceotile values. Furthermore, in the past, risk factors 

for radionuclides have generally been based oa fatalities (i.e., the number of laboratory animals 

or people who actually died from cancer), while CSFs for nonraciiologid carcinogens are based 

on incidence (Le., the number of lab animals or people who developed cancer). Finally, the 

CSFs for radionuclides are expressed in different units, i.e., risk per pCi @Ci)-' rather than 

(mg/kg-day)-*. 

Radionuclide CSFs may be included in the same table as chemical carcinogens, however 

they should be grouped separately due to the differences in units, Example Table 6-3 also 

provides an example presentation of radionuclide CSFs. The nonthreshold radionuclide CSFs 

account for: 

* The amount of radionuclide transported into the bloodstream 

The decay of radioactive progeny within the body 

* The distribution and retention of the radionuclide and its progeny (if any) in the body 

The radiation dose delivered to specific organs and tissues 

e The age and sex of the exposed individuals (EPA, 1993). 
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6.2 Developing Toxicity Profiles 

Consistent with agreements between DOE, EPA, and CDPHE, toxicity profles will be 

developed only for COCs that do not have toxicity values in the current IRIS or HEAST. The 

profiles should be coordinated with EPA and CDPHE toxicologsts prior to presentation in the 

HHRA report. 

The profiles should be developed by a toxicologist to present general and contaminant- 

specific information on health effects relating to the "RA COCs. General infomation should 

be provided on the class of chemical and its uses. Specific information should be presented on 

the effects reported in different studies, including exposure levels, biological endpoints, and 

dose-response. The strength of the studies should also be discussed, along with toxicity values 

and supporting informatiou on how EPA derived them. 

The following is an example toxicity profile for carbon tetrachloride, however, this example 

does not cite specific references. 

Carbon tetrachloride is an organic solvent which was, until recently, widely used as 
an industrial and household cleaning fluid. Recently, its household and industrial use 
has been severely restricted. Carbon tetrachloride, like chloroform, has anesthetic 
properties, which may lead to confusion and coma. Liver damage may result from 
either acute or chronic exposure, Fatty liver and centxilobular necrosis readily 
develop at low levels of chronic exposure, and in humans this is followed by ladney 
failure, which may be the ultimate cause of death. 

This compound has been more extensively studied regarding its toxic effects than any 
other aliphatic hydrocarbon, Carbon tetrachloride may cause damage to the heart, 
liver, kidneys, and the central nervous system (CNS) after high oral or inhalation 
exposures. At lower exposures, it may cause biochemical alterations (e.g., liquid 
peroxidation), nausea, and headaches. The chronic oral RfD for carbon tetrachloride 
is 7 x l@ mg/kg-day with an uncertainty factor of 1,OOO (to account for interspecies 
and intrahuman variability). At the lowest observed adverse effect level, exposures 
to carbon tetrachloride produced liver lesions in rats. Although the principal study 
from which the RfD was derived was well done, and good dose-response data were 
available from a variety of other studies, confidence in the IUD was judged to be 
medium-since supporting studies cn possible reproductive and teratogenic effects are 
not available. .An inhalation reference concentration is not avdable in IRIS. 
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The carcinogenicity of carbon tetrachloride, through both the inhalation and ingestion 
pathway, has been established with a variety of test animals and a number of gavage 
studies. C m n  tetrachloride has produced hepatoceflular carcinomas in rats, mice, 
and hamstem It is classified as a Group B2 carcinogen wittr an oral CSF of 0.13 
(mgikg-day)-'. Since risk estimates generated from oral cancer studies varied by two 
orders of magnitude, EPA calculated the CSF using the geometric mean of the 
available data to account for deficiencies in several of the studies. The inhalation unit 
risk is 1.5 x los (&xK?)-~ or 0.052 (mg/kg-day)-l. The inhation unit risk is based 
on the oral exposure data and assumes a 40% absorption rate by humans. Several 
studies of workers who may have used carbon tetrachloride have suggested that these 
individuals may have an excess cancer risk. 

A toxicity profile should provide a complete description and should not necessarily be 

limited to the type and depth of information provided in this example. The depth of the toxicity 

profile should depend on the information available and the professional judgement of the 

toxicologist. 

6.3 Preparing a Toxicity Assessment Technical Memorandum 

According to the agreement between DOE, EPA, and CDPHE, the TM on toxicity 

assessment will contain only infomation on COCs that do not have toxicity information in IRIS 
or HEAST. If toxicity information is available in IRIS or HEAST for all COCs, no TM is 
required. If toxicity values have been derived, or when withdrawn or pending values are used, 

then a TM or letter report on toxicity assessment is required to present the appropriate 

information. For these COCs, the 'I'M or letter report on toxicity assessment should include 

tables of COC toxicity values for noncarcinogenic and carcinogenic effects sl'milat to example 

Tables 6-1 and 6-3. The toxicologist should include text with the tables explaining the derivation 

of the toxicity values along with toxicity profdes. 
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7.0 RISKCHARACTERIZATION 

Risk characterization involves estimating the magnitude of the potential adverse effects of 

COCs under study and summarizing risks to public health. Risk characterization considers the 

nature and weight-of-evidence supporting these risk estimates and the magnitude of uncertainty 

surrounding those estimates. Risk characterization combines the results of the exposure and 

toxicity assessments to provide numerical estimates of health risk. These estimates are 

comparisons of exposure levels with RfDs or estimates of the lifetime cancer risk for a gven 

intake. The process of characterizing risk includes the following: 

* 
Conducting qualitative uncertainty analysis 
Conducting quantitative uncertainty analysis- 

Calculating and characterizing cancer risk and noncarcinogenic effects 

7.1 Calculating and Characterizing Cancer Risk and Noncarcinogenic Effects 

To quantify the health risks, the intakes are first calculated for each COC for each 

applicable scenario. The CT and RME intakes are calculated based on measured or modeled 

concentrations, and use the methodology documented in the RAGS @PA, 1989a) and discussed 

in Section 5. The specific intakes are then compared to the applicable chemical-speclfc 

toxicological data, discussed in Section 6, to determine the CT and RMEl health risks. 

The health risks from each potential contaminant are calculated to first determine potential 

carcinogenic effects and secondly to determine potential noncarcinogenic effects. Each of these 

calculations are discussed in the following sections. 

7.1.1 Determining Carcinogenic Effects 

The following calculations are used to determine carcinogenic effects by obtaining 

numerical estimates, (Le., unitless probability) of lifetime cancer risks: 
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RISK = WAKE x CSF 

where: 
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(7.1) 

Risk = Potential lifetime excess cancer risk (unitless) 
CSF = Slope factor, for chemicals (mg/kgday)-*, or @Ci)-' 
Intake = Chemical intake (mglkgday), or @Ci) 

Inhalation and oral ingestion CSFs are used with respective inhalation and ingestion intakes 

to estimate risks. Chemical CSFs are estimated through the use of mathematical extrapolation 

models for estimating the largest possible linear slope at low extrapolated doses that is consistent 

with the data. Radionuclide slope factors are estimates derived from human epidemiological 

studies. The CSF is characterized as an upperbound estimate. 

Cancer risks are summe$ separately across all potential chemical carcinogens and across 

all radionuclides considered in the risk assessment using the following equation: 

RISK, = p U S K ,  

where: 

RISK, = Total cancer risk, expressed as a unitless probability 
RISK, = Risk estimate for the i* contaminant 

This equation is an approximation of the precise equation for combining risks to account 

for the probability of the same individual developing cancer as a coosequence of exposure to two 

or more Carcinogens, As stated in RAGS @PA, 1989a), the difference between the precise 

equation and this approximation is negligible foe total cancer risks less than 0.1. This risk 

summation assumes independence of action by the compounds involved. Some limitations are 

posed by using this approach, and they are discussed in RAGS (EPA, 1989a). For example, 

limitations apply when adding potential carcinogenic risk across the pertinent weight-of-evidence 

cancer classes. - 
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The software used to calculate the carcinogenic risks may be configured to print a table 

of risks for each scenario. Each table can show contaminant and pathway-specific risk if 

contaminants are presented in rows and pathways are presented by column. After reasonable 

exposure pathway combinations are identified, the likelihood that the Same individuals would 

consistently be exposed by more than one pathway is evaluated. In most situations a receptor 

could be exposed by several pathways in combination. For these situations, risks may be 

subtotaled across pathways for each contaminant. 

A total carcinogenic risk may be summed across weight-of-evidence classifications as an 

additional point of reference. In accordance with EPA guidance, only one sigruficant digit is 

retained when summarizing calculated risks W A ,  1989a). Table 7-1 provides an example table 

shell to document carcinogenic risks. 

The HKRA text should reference each table and discuss risks that exceed the National Oil 

and Hazardous Substances Pollution Contingency Pian (NCP) risk range of 104 to 10" (EPA, 

1990). Specifically, the pathways and contaminants driving the risk, should be noted and 

accompanied by any necessary qualrfying statements. The text should not repeat the entire table, 

but should summarize more notable results. 

In addition to presenting the incremental cancer risks due to contaminants at the site, 

perspective may be provided by giving examples of typical background sources of risk such as 

arsenic or radon and progeny. Because the public is often unaware of the numerous conservative 

assumptions involved in an HHRA, the text should note the assumptions associated with the 

calculations and reference the reader to the u n c e d t y  section, 

A summary table presenting risk subtotals for a l l  scenarios should also be created for the 

"RA risk summary section, This table may be presented bv placing the results for each 

scenario in rows, and allowing weight-of-evidence Group A, B, and C subtotals in the columns. 
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Table 7-1 
RME Carcinogenic Risk 

Pathway 1 Pathway 2 Pathway 3 Pathway n Total 

COC I 

COC 2 

COC 3 

COC n 

Pathway 2 Pathway 3 Pathway n 
Total Total Total Total 

TotaI 
Risk 

J 
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7.1.2 Determining Noncarcinogenic Effects 

Health risks associated with exposure to individual noncarcinogenic compounds are 

determined by calculating hazard quotients (HQs) and hazard indices (HXs). The noncarcinogen 

HQ is the ratio of  the intake or exposure level to the RfD, as follows: 

HQ = LNTAKE/RfD 

where: 

(7.3) 

HQ = Noncarcinogen hazard quotient 
Intake = Chemical intake (mg/kg-day) 
RfD = Reference dose (mg/kg-day) 

Chronic RfDs are extracted from IRIS and HEAST. Similar to CSFs, RfDs for lnhaiation 

and oral ingestion are used for inklation and oral intakes, respectively. 

HIS are the summed hazard quotients for each chemical across the exposure pathways. If 
the HI for any chemical exceeds unity, there may be concern for potential health effects. The 

HI is calculated using the following equation: 

HI = E- E, 
mi (7.4) 

where: 

HI = Hazard index 
& 
R f D i  = Reference dose for the i* toximnt 

E and RfD are expressed in the Same units and represent the Same exposure period. 

= Exposure level (intake) for the i* toxicant 

These HI values should not be interpreted as statistical probabilities of an effect occurring, 

however, if the HI exceeds unity there may be a concern for potential noncancer effects. In 
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general, the greater the HI above unity, the greater the level of concern. However, the level 

of concern does not increa,se linearly as the HI: approaches or exceeds unity. Further discussions 

and Limitations on the application of this procedure are contained in RAGS @PA, 1989a). 

Noncarcinogenic effects are presented in the "RA text and tables similar to those used 

in the presentation of carcinogenic risk. Each table can show contaminant and pathway-specific 

effects if contaminants are presented in rows and pathways are presented by column. After 

reasonable exposure pathway combinations are identified, the likelihood that the same individuals 

would consistently be exposed to more than one pathway is evaluated. In most situations, a 

receptor could be exposed by several pathways in combination. For these situations, HQs may 

be subtotaled across pathways for each contaminant. 

HQs approaching or exceeding one may be summed according to target organ to calculate 

the total HI by target organ. For 8 specific receptor Scenario, a total HI may also be summed 

across all pathways and contaminants as an additional point of reference, but is subject to 

limitations. As is the convention with carcinogenic risk, only one significant digit is retained 

when summarizing calculated effects P A ,  1989a). Table 7-2 provides an example table shell 

for presentation of HIS. 

The HKRA text should reference each table and discuss hazard quotients that exceed unity. 

Specifically, the pathways and contaminants driving the risk should be noted and accompanied 

by any necessary qualifyung statements. The "RA text should not repeat the entire table, but 

should summarize more notable results, 

A summary table presenting HI subtotals for all scenarios should also be created for 

presentation in the HHRA risk summary section. This may be presented by placing the results 

for each scenario in rows, and providing information on hazard indices, dominant COC, and 

dominant pathway in columns. 
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Chanid Pathway 1 Pathway 2 Pathway 3 Pathway n Total 

Contaminant 1 

Contaminant 2 

Contaminant 3 

Contaminant n - 

TaMe 7-2 
RAlE Noncardnogenic HI 

Pathway 1 Pathway 2 Pathway 3 
Total Total Total 

Pathway n 
Total 
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7.2 Conducting Qualitative Uncertainty Analysis 

The quantification of uncertainty is an important component of the risk assessment process. 

According to the EPA Guidance on Risk cltaracrerizan'on for Risk Managers Md Risk Assessors 

P A ,  1992c), point estimates of risk "do not fully convey the range of infomation considered 

and used in developing the assessment," To provide information about the uncertainties 

associated with the RME estimate, uncextainties are idenWied during the "RA process and are 

presented in qualitative and, where appropriate, quantitative terms. 

There are four stages of analysis applied in the risk assessment process that can introduce 

uncertain ties: 

* Data Collection and Evaluation 
ExposureAssessment 
Toxicity Assessment 
RiskCharacte+on. 

The uncertainty analysis characterizes the various sources and their contributions to 

uncertainty in the HHRA. These uncertainties are driven by uncertainty in the site investigation 

data, the likelihood of hypothetical exposure scenarios, the transport models used to estimate 

concentrations at receptor locations, receptor intake parameters, and the toxicity values used to 

characterize risk. Additionally, uncertainties are intruduced in the risk assessment when 

exposures to several substances across multiple pathways are summed 

The concept of uncertainty can be more fully defied by distinguishing between variability 

and knowledge uncertainty. Variable parameters are those that reflect heterogeneity in a well- 

characterized population, for which the distributions would not generally be narrowed through 

further measurement or study. Uncertain parameters reflect a lack of information about 

properties that are invariant and whose single, true value could be kmwn exactly by the use of 

a perfect measuring device. Where appropriate, qualitative uncertainty analysis may distinguish 

"etween variability and uncertainty. 
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Qualitative uncertainty analysis should identtfy each key source of uncertainty, present an 

estimate of the relative impact of the uncmainq OD the "RA, and include any clarifying 

rerna-h- For many of the contributors, presenting uncertainty in L tabular format is sufficient, 

Table 7-3 provides an example format for summarizing the uncerlaintes and limitations in an 

"RA- For sources of uncertainty requiring more discussion than is convenient in a table, 

additional clarification may be provided in accompanying text. 

7.3 Conducting Quantitative Uncertainty Analysis 

In some cases, quantitative uncertainty analysis may be conducted in addition to the 

qualitative uncertainty analysis. Quantitative uncertainty analysis should be performed on 

chemicals andlor sets of chemicals that have a carcinogenic risk greater than 1 x lo* or  a 

noncarcinogenic HQ or HI greater thax~ 1.  To quanw the uncertainty in the final risk 

characterizaton estimates, Monte Carlo simulations may be used for the pathways dominating 

the risk, 

The Monte Carlo simulation is a technique that can be used to provide a probability 

function of estimated risk using random values of exposure factors and toxicity values in an 

exposure scenario. A Monte Carlo simulation involves assigning a joint probability distribution 

to the input variables (Le., exposure factors) of an exposure scenario. Next, a large number of 

independent samples from the assigned joint distnbution are taken and the corresponding outputs 

calculated, This is accomplished by repeated computer iterations using random numbers to 

assign values to the exposure factors. The simulated output represents a sample from the true 

output distribution, Methods of statistical inference are used to estimate, from the output 

sample, key parameters of the output distribution (e.g., percentiles). 

The risk distributions produced by Monte Cario simulations present signrf~~cantly more 

information than do point estimates. However, the level of effort involved in conducting a 

quantitative uncertainty analysis should be weighed against the importance of  this mformation 

to risk managers. 
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U- ' Factor meet of uiK+rtaipty commcnt 

SamplingandAnaIysh 

use of in-dat& 

Identlficatlolr of OU contarmaants 

May slightly u n d e e  nsk 

May slightly over-or 
undemsbmatn nsk 

May slightly over-or 
undercamate nsk 

I 

Detectioa lirmts/COC sctceruag 

CoacenCrahon-tomcity s a w n  May slightly over-or 
undenstmate nsk 

May stightly over-or 
undenscmate nslr 

Data set completeness 

F I l t r P n d ~ B t i - f h  

Sod-gas sourc~ term assamptious May over-or undere&mate nsk 
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Momre content 

Water tabk fluctrurtlons 

Effect of mcrometeorology on au 
dispersion 

vanabllity in annual 

Table 7-3 
HumaoHealtbRisk-U- E"' 

May over-or umleresflmate nsk 

May slightly ovet-or 
undenstlmats w k  

May slightly over-or under 
estimate nsk 

May slightly over-or under 

Plant uptake -on 

11 ~aruratinfiltrationrate 1 May overestimaterisk I 
I 

May siightly under-or over 
estlmatensk 

Exposure parameter assumptions May overestimate risk 1 
Receptor locatons 

Exposure duratum 

Non chemcal-specific constants 
(not dependent on chemcal 
properties) 

May overestunate nsk 

May over-or mdensbmats nsk 

May 3veredmate nsk 
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Exposure Estimation 
(continued) 

: 

Tabie 7-3 
(contirmed) 

Uncertainty Factor Effect of Uncertainty Comment 1 

pathways from the exposure 
scenanos 

External radiasion 

Permeabkty coefficients 

Plant mgestion rate 

Model does not consider biotx 
decay 

Exclusion of transformation 
products 

May shghtiy underestmate nsk 

May shghtly over-or 
underestlmate nsk 

May slightly over-or 
underestmate nsk 

May overestunate nsk 

May underesfmate nsk 

11 Exclusion of  some hypothetical I May underestimate risk 

Use of cancer slope factors 

Cntzcal toxlciry values denved 
pnmanly from anunal studies 

May OverestLmate nsk 

May over-or underestlmate nsk 

Critical toxicay values derived /I pnmanly from bgh doses, most 
May over-or underestmate nsk 

ctassiiicahon of carcinogens 

Lack of W o n  slope factors 

us8 of orai slops factors to 
evaluate dermal absorption 

Addition of mks across weight-of- 
evidence classfications 

Lack of  RfDs or RKs 

May undererdlmate nsk 

May over-or d e n s t m a t e  nsk 

May overestunate nsk 

May undererfflmare nsk 
t I 1 

/I 

direct action toxlcity values 

11 Critical toxicity values and I May over-ot underestimate risk II 

11 Lack of  dermal absorption or I May slightly underestimate risk II 
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8.0 SUGGESTED "RA REPORT 0RGA;NLZATXON 

After the four TMs and the CDPHE letter report ate submitted, and after the risk 

calcuiations are completed, the "RA report is written. HHRA reports are generally written 

as "stand alone" documents for FSETS and are written for members of the public with a college 

education. The reports typically contain the following sections: 

Section 1 .o Introduction 
Section 2.0 Site Description 
Section 3.0 COC Identification 
Section 4.0 Scaario and Pathway Identification 
Section 5.0 Exposure Assessment 
Section 6.0 Toxicity Assessment 
Section 7.0 Risk Characterization 
Section 8.0 Summary 
Section 9. References 
Appendices. 

The following subsections describe the contents of each section of a0 "€U report. These 

subsections discuss only minimum infonnatiun for the HKR4, additional information can be 

included that would better describe the methodologies, approaches, and results to the reader. 

8.1 Section 1.0 Introduction 

Section 1.0 Introduction, of the HKRA should provide the E M U ' S  purpose, scope, 

objectives, and the report organization. IAG requirements should be discussed in the 

Introduction. The Introduction can also include a chronology of the previous investigations. 

8.2 Section 2.0 Site Description 

Section 2.0 Site Description, presents a brief summary of the presentations and findings of 

the RI report that include a description of MSSs, meteorology and climate, hydrogeology, flora 

and fauna, demographcs and local land use, determination of contaminants, nature and extent 

of contamination, and co3taminant migration pathways. Tables, figures, and maps can be used 
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to summarize contaminants and media at the site, general and specific site areas and locations, 

and contaminant detection locations. The reader o f  the "RA report can be referred to the 

source documents (e.g., RFI/RI report sections) for further detail. 

8.3 Section 3.0 COC Identification 

Section 3.0 COC Identification, presents the methodology and its application in the 

identification and selection of COCs. A background comparison is presented that discusses 

applicable statistical tests and resulting potential COCs. If lengthy, this background comparison 

may be presented as an attachment. The COC screening methodology is presented and applied 

to derive a list of  COCs to be used in the remainder of the risk assessment. Tables 3-1 through 

3-4 provide examples o f  summary statistics, the concentration-toxicity screen, the resulting 

COCs, and the COC screening process. 

8.4 Sestion 4.0 Scenario and Pathway Identification 

S d o u  4.0 Scenario of pathway Identificatiou, discusses potential Scenarios and pathways 

applicable to the existing and potential land use. A discussion is provided for each current and 

potential on-site and off-site land use. Potential receptors that could be exposed to COCs in the 

context of land uses discussed in Section 2 of the "RA are then presented. Finally, 

justifkation of the selection of exposure pathways according to the CSM is provided. 

8.5 Section 5.0 Exposure Assessment 

Section 5.0 Exposure Assessment, ftrst presents pathway-specific infomation such as intake 

equations and modeling data, followed by information that is both scenario-specific and pathway- 

specific such as exposure parameters and exposure concentrations. Where modeling was used 

to provide the exposure concentrations, a brief summary of the model is provided. Finally, the 

results calculated are presented for each scenario. Tables and figures can include model 

applications, chemical-specific constants, intake equations and parameters, and resulting receptor 

intakes. Tables 5-1 and 5-2 in this "R4 methodology provide some presentation examples. 
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8.6 Section 6.0 Toxicity Assessment 

Section 6.0 Toxicity Assessment, provides COC toxicity information including carcinogenic 

and noncarcinogenic effects. Tables are used to summarize toxicity values for each COC, with 

toxicity profiles were applicably presented as text. Tables 6-1 through 6-3 in th~s HHRA 

methodology provide examples of summary toxicity information. 

8.7 Section 7.0 Risk Characterization 

Section 7.0 Risk Characterization, presents the methodology and results of combining the 

results of the exposure and toxicity assessments. These results provide numerical estimates of 

potential health risk. Considered in the approach are the nature and weight-of-evidence 

supporting the risk estimates and the magdude of uncertainty. Tables and figures include 

presentations of specific and summarized carcinogenic risk and noncarcinogenic HIS, summaries 

of sources of uncertainty, and the potential impact on the assessment. Tables 7-1 through 7-3 

of this HHRA methodology provide examples of these risk characterization calculations and 

observations, and qualitative uncertainty analysis. 

8.8 Sestion 8.0 Summary 

Section 8.0 Summary, summarizes the methodology implemented for the "RA and the 

overall results. Text, tables, and figures should summarize the entire HKRA into one section. 

Section 8.0 can be written to be used for the "RA portion of Section 6- of the WRFI 

Report. This section of the RFIIRI Report presents the BRA, which is comprised of the "RA 

and the ERA. In addition, portions of the summary of the "RA can be used for the executive 

summary of the RFI/RX Report. Section 8.0 may include summary tables of risk and discussion 

of risk drivers and associated uncertainties. 
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8.9 Section 9.0 References 

Section 9.0 References, includes all references used throughout the HRRA. 

8.10 Appendices 

Appendices include additional infoxmation that would be helpful to the reader about the 

background, assumptions, or approach to any aspect of the HHRA. The following items briefly 

describe suggested contents for appendices to the HHRA, Additional appendices can be added. 

0 Background Comparison - This appendix discusses the background analysis process 
and results. Using statistical analysis, inorganic chemicals or radionuclides that are 
at or below background levels are eliminated from further consideration. Specific 
criterion for the background analysis is that none of the statistical tests indicate a 
statistically sigrvficant difference between background and site-specific populations. 

Fate and Transport Model Descriptions and Applications - This appendix provides 
a detailed description of the models used in the HKEL4 including methodologies and 
assumptions. Applications of each model are described and discussed. Examples of 
models include groundwater modeling, soil-gas modeling, and atmospheric modeling. 

Calculating of 95% UCLS for COCs - This appendix provides a brief description 
of the methodologies and assumptions used to determine the 95% UCLs for the 
COCs. It can also include tables to summarize the results of the calculations for each 
COC. 
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APPENDIX A 
DATA C W  UP AND TREATMENT GUIDELLYES 

This appendix for data clean up and treatment guidelines contains a n  example that was taken 
directly from a recent RETS COCTM. The example is the appendix A, Data Preparation, from 
the OU3 COCTM. There are four attachments and their respective appendices that are contained 
in the OU3 appendix but to conserve space are not included in this example. 
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APPENDIX A. DATA PREPARATlON 

A-1 .O IMROOUCTlON 

The OU 3 database was developed to store and organize the data from environmental sampling 

programs at the RFETS and surrounding area that were used to prepare the RCRA Facility 

InvestigationiRemedial Investigation (RFI/Rl), including the Human Heam Risk Assessment and 

the Environmental Evaluation, for OU 3. The OU 3 database is composed of data from the 

following sources: 

e Rocky Flats Environmental Database System (RFEDS) 

0 1983/84 Sediment Sampling Investigations data (DOE, 1991 1 

Rock Creek Background Sod Samples (DOE, 19934 

Jefferson County Sampling Area Soii Samples (received from RFEDS) 

Background Geochemical Characterization Repon (DOE, 1 993b) 

e 

0 

0 

* Benchmark - Survey Data for Sample Points and Polygons 

These sources provided the data sets in various formats; therefore, different procedures were 

used, depending on the data source, to prepare the data for use in the OU 3 database. This 

appendix describes the procedures followed for each data set. 

The OU 3 database is managed according to the Data Manaaement Plan (DOE, 1 9 9 3 ~ )  

developed fortheOU 3 RFl/RI, The Data Manaaement PIan describes in detail the data 

management system for the project and inciudes procedures for data management staff, 

computer hardware and software, data models and organization, data management, and data 

users, 

The remainder of Appendix A describes the overall structure of the OU 3 database, data 

preparation steps, and quality control (QC) checks that wsre performed to generate the tables 

for rbe OU 3 database. Appendix A is organized into the following sections: 
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a OU 3 Database Structure 

RFEDS Data Preparation 

Additional Data Input 

Data Analysis Table 

0 Quality Control Checks 

A-2.0 OU 3 DATABASE STRUCTURE 

The database management system uses a relational data model, where the data accessed by 

users are contained in a number of separate tables, but are related through one or more key 

fields. Tables were created for data sets from each of the sources listed above. Additionally, a 

Data Evaluation table was created to statistically compare OU 3 data and background data and 

to calculate summary statistics and Fisk estimates. The Data Evaluation table contains fields 

that reflect the application of data-evaluation protocols specified by EG&G (EG&G, 1994). 

The OU 3 database was designed as a set of independent Paradox (00s Version 4.0 RBMS) 

tables containing fields of data. These tables can be linked through key fields Le. ,  selected 

fields that are common to two or more tables). Figure A-1 presents an organization diagram of 

the OU 3 database. Table A-1 summarizes the OU 3 database structure and describes the 

contents of each Paradox table. Figure A-2 lists the fields contained in each table and shows 

relationships between the tables. Table A-2 contains definitions of the various fields. 

In addition to the Paradox tables, OU 3 data are contained in ARCnNFO files to beused for 

producing Geographical Information System (GIS) plots of analyacak results and sample 

locations. Analytical result and sample location data were transferred to ARUINFO using ASCII 

comma-separated files. 
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Ar Data 
sedmrns Oala I 
Sudace Water Oata 
Groundwater Data 

c RFEDS 
DBMS 

RNRt 
Sec6meras Oata 

RFIAI 
Grwndmter Data Surtace Soil Oata 

Qtt Trenches Oata 

- Direct relationship 

- - -  lnoirect Relationship 

BGCR = Background Geochemical Characterization 
%port (DOE. 1993c) 

DBMS = Database Management System 

R E D S  = Rocky Flats Enwronrnental gatabase Sys:em 
RFVRl= R C R A  Facility lnvesOpuon/Remedd Invesbgauon 

Figure A- 1 
OU 3 DATABASE ORGANIZATION 
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TABLE A-1 

OU 3 DATABASE STRUCTURE 

Paradox Table Name Paradox TaMe Description 

DA{  date} .db 

DG( date} .db 

D6( date}. db 

DT(date} .db 

D a {  date). db 

JS( date} .db 

JT(date}. db 

J Q(date}. db 

NBfdate). db 

01 {date}.db 

OT(date}.db 

OQ{date}. db 

Data for ~e statistical background comparison 
tests and other data analysis task.  Contains 
original sample data from tables DTOl2694, 
JTO12694, NBOl2694 (excluding outliers as 
identified in the BGCR), and OTO12694. Surface 
soil sampling results (COPHE and MHM methods) 
are averaged for each location. Contains fields that 
reflect EG&G data analysis protocols for 
nondetects. Rejected data (Validation = R) and QC 
data are not included. 

Sample locations (OU 3 and background) and data 
grouping information. 

Original and QC data from RFEDS. 

Original data only from RFEDS. 

QC data only from RFEDS. 

Jefferson County Sampling Area surface soil data 
(original and QC data). 

Jefferson County Sampling Area surface soil data 
(original data only). 

Jefferson County Sampling Area surface soil data 
(QC data only). 

BGCR data for selected sample locations (non-seep 
sediment and surface water locations; weathered 
claystone monitoring well locations - original data 
only). Outliers, as identified in the ffiCR, are 
included. 

Rock Creek Background Soil data from OU 1 RI 
Report (original and QC data). 

Rock Creek Background Soil data from OU 1 RI 
Report (original data only). 

Rock Creek Background Soii data from OU 1 Rl 
Report (QC data only). 
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TABLE A-1 

OU 3 DATABASE STRUCTURE 

Paradox Table Name Paradox Table Description 

ST{date) . d b Sample tracking information. 

FW{date) .db Field water quality data associated with 810 
samples. 

CtCdate). db 

Note: 

Matrix of  co-located samples (e.g., co-located 810, 
SW, and SED samples). 

{date) = Each Paradox table filename includes the date on which the tabie was created 
and/or modified. Therefore, the most current tables were cieariy identified and 
used for data manipulations. For example, Paradox file DA081094.db was 
modified on August 10, 1994. 

DEN10015F8A.WPS 091201941 6:27pm 



I 

t- 

I %/ u 
VI 

I- 



EGLG ROCKY RATS ENVIRONMENTAL TECHNOLOGY .SITE 
HHRA Chemicds of Concern Idenoficauon. T M  4 
for Operide Unit 3 

Non-Controiled Document 

Section: 
Paw: 

Appendix A 
7 of 39 

TABLE A-2 

OU 3 DATABASE REID NAME DEFtNITIONS 

Fieid Name Definition 

DA TaMe 

LOCATION CODE 

SAMPLE TYPE 

SAMPLE QC COOE 

SAMPLE NUMBER 

SAMPLE DATE 

DRY 

RESULT TYPE 

R E D S  TEST GROUP COOE 

MAIN TEST GROUP COOE 

GENERAL TEST GROUP COOE 

CHEMICAL NAME 

ANALYSIS DATE 

NEW RESULT 

Indicates environmentai mediurn/physical location; can 
be more than one LOCATIONCCIOE at the same 
physical location. 
Example: 

81 1 00092 < - Biology Location 
SO1 00092 < - Sediment Location 
SW100092 < - Surface Water Location are all at the 

same physical location. 

Designates environmental sample medium. 

Codes a record as a REAL (Le., original sample) or QC 
sample (e.g., DUP, FBI. 

Unique code designating a single sample taken at a 
LOCATlONCOOE position; can be more than one 
sample number for a LOCATIONCODE 

Date sample was collected. 

Denotes if sediment sample was dry at the time of 
collection. 

Codes a record as an original sample result (Le., 
TRG = target) or a lab QC record k g . ,  REP). 

General chemical group code supplied by RFEDS; can 
be more than one RFEDS TEST GROUP COO€ for an 
analybcal m e ~ o d .  

Chemical group code; one code per analytical method. 

General test that was performed on the sample. 

Analyte name. 

Date chemical analysis was performed. 

Analytical result; validated result if available. 
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TABLE A-2 

OU 3 DATABASE FIELD NAME DEFINITIONS 

Fdd Name Definition 

ADJ RESULT 

NEW UNIT 

NEW ERROR 

NEW DETECT LlMiT 

N E W  QUALIFIER 

LAB DISPOSITION 

VALlOATlON 

REASON1, REASONZ, REASON3, 
REASON4 

DEPTH FROM 

DEPTH TO 

D E F W  UNIT 

Adjusted result = Onehaif of the RESULT FIELD value 
(for nondetects only). 

Unit associated with the result value. 

Error term associated with radionuclide results. 

Detection limit 
(Detection limit = lnswment detection limit for OU 3 
metals data 
Detection limit = Instrument detection limit or CROL for 
BGCR metals data) 

Indudes the qualifiers assigned by the laboratories and 
the data validators. 

If analytical results could not be transmitted, a reason 
disposition code is indicaxed. 

Validation codes assigned by the data validators. If the 
field is blank, the record has not been validated. 

Explanation for validation codes. 

Upper boundary of a sediment core or pit trench 
segment. 

Lower boundary of a sediment core or pit trench 
segment. 

Unit for sediment core or pit trench segments. 
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TABLE A-2 

OU 3 DATABASE FIELD NAME DEFiNfT'lONS 

Fieid Name Definition 

DETECT 

ADJ DETECT 

METHOD 

84/85 SED FLAG 

IHSS 

DGNPE 

DGGRABCORE 

DGSOIL 

AREA 

The detect field marks records that contain a 'U' in the 
NEW QUALIFIER field as  a nondetect. 

Example: 

N EWQUALlFl ER Detect 

UJ >U 
J >BLANK 
uu >U 

>BLANK 

->BLANK 
UJ >U 

Adjusted detect: Reflects appiicadon of EG&G data 
analysis protocols. All radionuclides are designated as 
detects (i.e., ADJ DETECTfieid is B U N K ) ;  all 
Bquaiified metals and water quality records are 
designated as detects, Ali other records with a 'U" in 
the DETECT field are designated as nondetects (Le., 
ADJ DEFECT field contains a "U'). 

Mehod used-to collect a surface soil sample (CDH or 
MHM). 

Flags a record as belonging to the 1984/8S Sediment 
Sampling Investigations data set. 

Individual Hazardous Substance Site number 

Data grouping designation (e.g., CREEK, LAKE, PLOT, 
TRENCH). 

Data grouping designation for sediment samples 
indicating if GRAB or CORE sample. 

Data grouping designation for surface soil samples 
indicating if sarnpie was located in the Remedy Acreage 
area. 

Denotes if the record is background (B) or OU 3 site (SI 
data. 
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TABLE A-2 

OU 3 DATABASE FIELD NAME DEFINITIONS 

Defmition 

Additional Fields - DG Table 

CL TABLE ENTRY 

DGNEARSHORE 

DGCREEKNEARSHORE 

DGMISC 

DGEXPOCOV 

GlSlD 

GlSSAMPtELOCATlON 

LOCATIONGROUP 

DESCRlFTlON 

Indicates if additional information for the record is 
available in the Co-Located Sample table. 

Data grouping designation for sediment samples. 

Data grouping designation for sediment samples. 

Miscellaneous data grouping designation -empty field 

Data grouping designation for sediment sample 
locations -exposed vs. covered wRh water. 

I.D. code from ARCANFO GIS data files. 

GlS map location. 

General geographic location group. 

Description of sample location based on medium and 
geographic location. 

DEN1001 SFBA.WP5 09/20/94/6 :27pm 



EG&G ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SiTE 
HHRA C h e c ~ c a k  of Concern Idenaficaaon. TM 4 
for OciereMe Unit 3 

Non-Cantroilad Document 

Section: 
Page: 

Appendix A 
11 of 39 

A-3.0 RFEDS DATA PREPARATION 

EG&G maintains the RFEDS. The majorrty of data records in the OU 3 database were extracted 

by EG&G from RFEDS a s  ASCII text fixed-field files. EG&G began with an initial extraction of 

data from RFEDS on December 17, 1992, and throughout the duration of the project added 

periodic RFEDS extractions containing updated and additional records. The final extraction of 

RFEDS data for the Draft RFI/RI repon was on February 15, 1994. All extractions, including 

those prior to February 15, 1994 (i.e., December 17, 1992; January 20, 1993; February 10, 

1993: March 17, 1993; April 1 ,  1993; May 5, 1993; June 10, 1993; September 16, 1993; 

November 16, 19931, were imported from the text fiies into Paradox on February 16, 1994 to 

create the OU 3 database for the Draft RR/RI report. 

The steps necessary to import and prepare RFEDS data for the OU 3 database are described in 

detail below. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Convert RFEDS data-extraction files to ASCII separated/delimited format. 

Impon the extraction into Paradox. 

Correct database inconsistencies and separate data that will not be used in 

quantitative data-analysis tasks. 

Identify and resolve redundant data records. 

Assemble the main cleaned-up table (without resolved problem records). 

Produce potential problem records report. 

Review potential problem records repon and select records to be added back to 

the main table. 
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8.  Add selected record(s1 from the review process back to the main table. 

9. ' Copy main table to OU 3 database directory for RFETS. 

10. N o m  persons using OU 3 database of updated main table. 

Note: In the description of preparation steps below, names of database fields are shown in all 

uppercase bold lerters (e.g., CHEMICAL NAME, MAIN TEST GROUP CODE, and NEW RESULT). 

STEP 1 -Convert RFEDS data-extraction files to ASCII separated/delimited format. 

The RFEDS data extraction format is ASCtl column-deiirnited ke., text files that consist of 

fieids that are of a fixed length). Because Paradox cannot import column-delimited ASCII files, 

the coiumn-delimited RFEDS data files are converted to ASCII separated/delimited (DAT) files 

using a general-purpose conversion program written in PASCAL. ASCII separatedldelimited 

files are text files that consist of fields separated by a special character, usually a comma. 

Additionally, the alpha fields are delimited wrtfi a special character [Le., quotation marks for 

these datal. Alpha fieids are delimited with a special delimiter character so those fields can 

contain the special separator character as pan of the aipha string (e.g., chemical names that 

contain commas). 

STEP 2 -Import the extraction into Paradox. 

Using a custom script cailed 1MPORTEX.SC. the OAT files are imported into Paradox. The 

imported data from the initial R E D S  extraction are put into a temporary table. The temporary 

table is then restructured to match the structure of the main raw data table, and the 

SEQUENCE ID field is used to link the temporary and main raw data tables. The temporary 

table records are then added to the main raw database table. The process is repeated for each 

extraction. Records from the source table (i.e., temporary table with RFEDS data) replace 

records in the destination table (Le., main raw data table) if the SEQUENCE ID in the source 

table record already exists in the destination table. If the records from the source table are not 
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in the destination table, then the records from the source table are added to the destination 

table. 

STEP 3 - Carrect database inconsistencies and separate data that will not be used in 

quanritative data-analysis rash. 

Using a script named XCLEANUP.SC, the data are preprocessed to correa any inconsistencies 

found in the RFEDS data, such as the following: 

CHEMICAL NAME inconsistencies 

R E D S  TEST GROUP COO€ name inconsistencies 

Obsolete RFEDS TEST GROUP CODE names e 

Unit inconsistencies 

0 Multiple fields of analytical data for one record (Le., data received from RFEDS 

contain fields for laboratory results and corrected results from the data- 

validation subcontractor; same records contain both laboratory and corrected 

results). 

Additionally, the preprocessing step accomplishes the foilowing: 

e Separation of historical data (i.e, pre-1992 data that tend to have QC problems) 

from OU 3 sampling program data; historical data will be used qualitatively in 

the RFl/RI report. 

b Separation of QC data from original sample data; QC data will be used in the 

RFI/R1 repon to evaluate quality of the data; oniy original data will be used for 

all other quantitative data-analysis tasks. 

b Removal of data for any samples not associated with the OU 3 fieid 

investigation. 
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XC1EANUP.X performs the following operations: 

Separation of Historical Data 

Historical data are identified by the following Location Codes: 

SWOOl through SWOO4 

SED001 through SED004 
GSOOl tfirough GS004 

These data are removed from the main rawdata table and placed into a 

separate table for use in the RFl/RI report. 

Separation of QC Data 

OC data are identitied using the SAMPLE QC CODE field: 

Any samples with codes in the SAMPLE QC CODE field other than 

REAL, BLANK, or UNK (i.e, unknown) are considered to be QC samples. 

QC data are also identified using the RESULT TYPE field: 

Any samples with codes in the RESULTTYPE field other than TRG, OIL, 

BLANK, or UNK are considered to be QC samples. 

Data identified as QC samples are removed from the main raw data table and 

placed into a temporary table for further processing. 
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Separation of Non-OU 3 Field Investigation Data: 

OU 3 field investigation data are identified by the following suffixes in entries in 

the SAMPLE NUMBER field: 

0 cn 
wcu3 or wc 

Records with suffixes in the SAMPLE NUMBER field other than those listed 

above are not included in the OU 3 database. 

inconsistencies in Analyte Names 

Inconsistencies in analyte names (Le., multipie names for the same chemical) 

found in the RFEDS data are corrected so that each chemical is listed by only 

one name in the OU 3 database (see Table A-31. 

Obsolete RFEDS TEST GROUP COOES 

Obsolete codes in the RFEDS TEST GROUP COO€ field consist of the following: 

POMETCLP 
0 PDMEMOCLP 

Any records with the codes listed above in the RFEDS TEST GROUP COO€ field 

are removed from tfie main raw data table. RFEDS repiaces these codes with 

new codes. Therefore, if records with test group codes of PDMETClP and 

POMETNOCLP are left in the table, they represent duplicate records. 
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TABLE A-3 

CHEMICAL NAME INCONSISTENCIES 

Multiple Chemical Names changed to 

UADlONUCUDES 

GROSS ALPHA - OtSSOCVED 

GROSS ALPHA PARTICLE ACTIVITY 

GROSS ALPHA 
GROSS ALPHA - SUSPENDED 

GROSS E T A  - DISSOLVED 
GROSS BETA - SUSPENDED 
GROSS BETA PARTICLE ACTIVITY 

PLUTONIUM 239 
PLUTONIUM 239/240 

URANIUM 233, 234 
URANIUM 234 

CYANIDE 
CY AN I DE, AMENABLE 
CYANIDES ( SOLUBLE SALTS ... 1 

HEXAVALENT CHROMIUM 
CHROMIUM V1 

N ITRATE/NITRITE 

GROSS BETA 

PLUTON I UM 23 9 /240 

URANIUM 233/234 

WATER QUALITY 

CYANIDE 

HEXAVALENT CHROMIUM 

NITRATEAUITFUTE 
NIlRATE/NITRITE ( HISTORICAL ... 1 

ORTHOPHOSPHATE ORTHOPHOSPHATE 
PARATHION, ETHYL ( INCORRECT CAS 
NUMBER CAUS€D THIS TO BE LABELED 
INCORRECTLY - VERIFIED BY BE'EI 
MONTANO/EGhG 1 

SOLIDS, NONVOUTILE SUSPENDED 
TOTAL DISSOLVED SOLIDS 

TOTAL SOUDS 
TOTAL SUSPENDED SOLIDS 

BICARBONATE 
BICARBONATE AS CACO3' 

TOTAL DISSOLVED SOLlOS 

TOTAL SUSPENDED SOLIDS 

BICARBONATE AS cAc03 
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TABLE A-3 

CHEMICAL NAME INCONSISTENCIES 

Multiple Chemical Names Changed to 

CARBONATE CARBONATE A S  CAC03 
CAR80NATE AS CAC03 

ALKALINITY AS CAC03 
TOTAL ALKALlNiN 

ALKALINITY AS CAC03 

Note: 

' = BICARBONATE A S  CAC03 = BICARBONATE * 1.22 

DEN1 0 0 1  5F8A.WPS 39/20/94/6:27om 



EGLC ROCKY RATS ENVlRONMENTAL TECHNOLOGY SITE 
HHRA Chemicsls of Concern Identificmon, TM 4 
for Operde  Umt 3 

Section: 
PaQ9: 

Appendix A 
18 of 39 

Unit Inconsistencies 

Any inconsistencies in units for a particular medium and test group code are 

convened to the appropriate consistent units (e.g., all resuits for dissolved 

metals analyses ace expressed in units of p g N .  This step is performed so that 

data for one chemical can be combined for quantitative data-analysis tasks such 

as calculation of summary statistics. 

Multiple Fields of Analytical Data 

The main raw data table can contain data from the laboratory and from the data 

validation subcontractor for the same record. Validated data, if available, are 

placed in the OU 3 database. The following fields contain corresponding data 

from the two sources: 

LABORATORY 

RESULT 

QUALlFlER 

UNIT 

DETECT UMIT 

ERROR 

DATA VALIDATORS 

VRESUCT 

VOUAL 

VUNST 

VD€ECT 

-NO F1EL.D- 

The protocols listed below are used to incorporate data from the laboratory and 

data validators: 

If the VRESULT field in the RFEDS data contains a result, then 

the value from VqESULT is placed in a new field (Le., 

NEWRESULT) in the OU 3 database. 
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If the VRESULT field in the AFEDS data is blank, the value in the 

RESULT field is placed in the NEWRESULT field in the OU 3 

database. 

The UNIT, DETECT LIMIT, and ERROR fields are treated the 

same as  the VRESULT and RESULT fields. NEW UNIT, NEW 

DETECT LIMIT, and NEW ERROR fields were created in the OU 3 

database to contain the data selected by the protocol described 

above. 

0 The QUALIRER and VQUAL fields from the WEDS data are 

concatenated in a NEWOUALfFlER field in the OU 3 database. 

The NEW RESULT, NEW UNIT, NEW DETECT UMTT, NEW ERROR, and NEW 

QUALIFIER fields are used for quantitative data-analysis tasks. 

Inconsistencies in the R E D S  TEST GROUP CODES 

The RFEDS data contain multiple codes in the TEST GROUP COO€ field 

for the same general group of chemicals. Two new fields were created 

in the  OU 3 database, MAIN TEST GROUP CODE and GENERAL TEST 

GROUP CODE, to standardize the grouping of chemicals into main 

sample preparation/analytical method categories (e.g., DMETAL-CLP- 

NONCLP refers to dissolved metals) and general chemical categories 

(e.g., METALS refers to both dissolved and total metaC analyses), 

respectively. Table A-4 summarizes codes used in the R E D S  TEST 

GROUP CODE field and corresponding codes in the MAIN TEST GROUP 

CODE and GENERAL TEST GROUP COO€ fields in the OU 3 database. 
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TABLE A 4  

RFEDS TEST GROUP CODE INCONSlSTENClES 

RFEDS Test Group Code Main Test Group Code General Test Group Code 

BNACLP 

CWERB615 

DMETADO 

DIOX613 

DPEST6 1 3 

DMETCLFTAL 

DM ETNO CLP 

DRADS 

DMETCLP 

DSMETCLP 

METADD 

RFlN 

METUP 

PAHCOM610 

PEST608 

PESTCLP 

PHPEST610 

PSTaPTCL 

psTpCBS08 

RFME 

RFMS 

RFPP 

SMETCLP 

RFRA 

SELCOM625 

SVO A-ORG-CUI 

CL-HERSEPA615 

DM ETAL-CLP-NONCLP 

DI 0 X-P EST- €PA 6 1 3 

010 X-PEST-€PA6 1 3 

DMETAL-CLP-NONCLP 

DM ETAL-CLP-NONCLP 

DISSOLVEBRADS 

DM ETAL-CLP-NON CLP 

DM ETAL-CLP-NO NCLP 

M ETAL-CLP-N ON CLP 

WATER-QUALITY 

METAL-CtP-NONCLP 

PAH-PEST-PCBEPA61 0 

OCLPEST-€PA608 

PESTlCIDGCLP 

PAH-PEST-PC&EPA61 0 

PESTICIDE-CLP 

PEST-PCEEPA508 

METAL-CLP-NONCLP 

DMETAL-CLP-NONCLP 

PESTl CI DE-CLP 

M ETAL-CLP-NONCLP 

TOTAL-RADS 

SVOA-ORG-CLP 

SVOAS 

PESTICIDES 

METALS 

PESTl CI DES 

PESTlClDES 

METALS 

METALS 

RADlON UCU DES 

METALS 

METALS 

METALS 

WATER-QU A L I N  

METALS 

P E s n c m s  

PESTlClDES 

PESTlClDES 

PESTICIDES 

PESTICIDES 

PESTICIDES 

METALS 

METALS 

PESTICIDES 

METALS 

RA D ION UCUD ES 

SVOAS 
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TABLE A 4  

RFEDS TEST GROUP CODE INCONSlSTENCIES 

R E D S  Test Group Code Main Test Gtoup Code General Test Group Code 

R N O  

SELC0502.2 

RFSV 

TRADS 

RFRS 
TRIPES61 9 

SM ETN 0 CLP 

SVOCLPTCL 

SM  ETCLPTCL 

VOA502.2 

VOACLP 

V OC CLPTCL 

WQPL 

OCLPEST608 

VOA-ORG-CLP 

VOA-EPA502.2 

SVOA-ORG-CLP 

TOTAL-RADS 

DISSOLVED-RADS 

TRIPEST-€PA61 9 

METAL-CLP-NONCLP 

SVO A-ORG-ClP 

M ETAL-CLP-NONCLP 

VOA-EPA502.2 

VO A-ORG-CLP 

V 0 A-ORG-CLP 

WATER-QUALITY 

OCLPEST-€PA608 

VOAS 

VOAS 

SVOAS 

RADIONUCLIDES 

RA DI ONUCLl DES 

TR I PE ST1 c I 0 E s 
METALS 

SVOAS 

METALS 

VOAS 

VOAS 

VOAS 

WATER-QUALITY 

PESTICIDES 
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STEP 4 - Identify and resolve redundant data records. 

Step 4 of the cleanup process is designed to identify and remove redundant records from the 

OU 3 database and also uses the script XCLEANUP.SC. Step 4 inciudes the following 

procedures: 

A. The main table is broken into subsets (i.e., Radionuclides, Metals, Voiatile 

Organic Compounds, Pesticides, and Water-Quality parameters), and the 

algorithm described below is performed for each subset of data. For each 

subset, additional tables are created (i.e., a KEEP table for records that will be 

retained in the OU 3 database and REJECT tables) that require funhef 

processing . 

8. The records in the subset table to be processed are sorted in the following 

order: 

1 .  SAMPLE NUMBER 

2. CHEMICAL NAME 

3. MAIN TEST GROUP CODE 

C. As each subset table is parsed, all records having the same enmes in the 

SAMPLE NUMBER, CHEMICAL NAME, and MAIN TEST GROUP CODE fields are 

copied to a temporary table, When the enmes in the SAMPLE NUMBER, 

CHEMICAL NAME, and MAIN TEST GROUP CODE fields change, processing 

moves to Step 4-0, 44,  or 4-43, depending on the type of records contained in 

the tempoary table. When processing return to Step 4-C, it continues with 

the next group of records having the same SAMPLE NUMBER, CHEMICAL 

NAME, MAIN TEST GROUP CODE, until all records have been processed. 
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D. If the temporary table includes one validated record, the following protocols are 

used: 

The records in the temporary table are placed in a REJECT table if the 

NEW RESULT field (and ERROR field if the Radionuclides subset table is 

being processed) is blank for all records. 

The validated record is piaced in the KEEP table if the NEW RESULT field 

of the vaiidated record contains a value. All nonvalidated records in the 

temporary table are placed in a REJECT table. 

Processing returns to Step 4-C. 

E. If the temporary table includes more than one vaiidated record, the following 

protocols are used: 

One of the validated records is placed in the KEEP table if the validated 

records have identical values in the NNY RESULT field. All other 

validated and nonvalidated records are deleted. 

If the RESULTS field of the records in the temporary table are not 

identicai or are blank, all records in the temporary table are placed in a 

REJECT table. 

Processing returns to Step 4-C. 

DEN10016203 .WP5 09120194l6:i 8pm 
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F. If the temporary table contains one nonvalidated record, the following protocols 

are used: 

e The record is placed in the KEEP table if the RESULT field (and ERROR 

fieid if the Radionudides subset table is being processed) is not blank. 

e The record is placed in a REJECT table if the RESULT field is blank. 

Processing returns to Step 4-C. 

G. If the temporary table contains more than one nonvalidated record, the following 

protocols are used: 

One of the nonvalidated records is placed in the KEEP table if the values 

in b e  RESULT field (and ERROR field if the Radionuclides subset table is 

being processed) are identical. 

e All of the records in the temporary table are placed in a REJECT table if 

the RESULT fields are not identical or blank. 

Processing returns to Step 4-C. 

Tables that are created by Step 4 include: 

RADS. db Radionuclide subset table 

RDKEEP.db KEEP table for the Radionuclides subset 

RDRW61 .db Radionuclides REJECT table (validated record; RESULT and/or ERROR 

field is blank) 

DEN1001 6203.WPS 
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RDREJ62.db Radionuclides REJECT table (one validated record kept; all corresponding 

nonvalidated records placed in this table) 

RDREJ63.db Radionuclides REJECT table (more than one validated record; no 

duplicate results; all records rejected) 

RDRW64.db Radionuciides REJECT table (one nonvalidated record rejected; RESULT 

field blank1 

RDREJ65.db Radionuciides REJECT table (more than one nonvalidated record; no 

duplicate results; all records rejected) 

Step 4 is also followed to create corresponding tables for the Metals, Volatile Organic 

Compounds, Pesticides, and Water-Quality parameters. 

STEP 5 -Assemble the main cleaned-up table. 

In Step 5 of the cleanup process, all of the KEEP tables are assembied into one table (i.e., 

DT{date).db.; {date) indicates the date when the table was assembled or updated). 

STEP 6 - Produce potential problem records report. 

Hardcopy reports of the rejected records are made from the REJECT tables for eacb subset Of 

data (e.g., Radionuclides, Metals, etc.). These reports are used to resolve problems with data 

records. 

STEP 7 - Resoive problem records. 

EG&G data-management staff review data-problem reports and resolve the problem or 

redundant records. The following list summarizes the resolution of the Wpes of data problems 

found after importing RFEDS data extractions on February 16, 1994: 

DEN10016203.WPS 09/20194/6: I Bpm 
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0 Blank RESULT field for Cesium1 37: These records were nondetects and the 

value presented in the DETE%TION UMIT field should aiso be used in the 

RESULT field. 

0 Blank ERROR field for Plutonium-239/240: EG&G provided value. 

0 Redundant nonvalidated records for Total Organic Carbon analysis: EG&G 

provided RFEDS ID number of the records to be retained in the OU 3 database; 

other records for the same sample number were deleted. 

0 Nonvalidated results for surface soil samples: EG&G used nonvalidated records; 

validation could take from 1 to 6 months. 

The following protocols are used for redundam validated records: 

If analysis dates are different for redundant records, the record with the most 

recent date is selected for the OU 3 database. 

0 If the analvsis dates are the same for redundant records, selection of the record 

to be used in the OU 3 database is based on the Reason Cades associated witb 

the Validation Codes. 

SfEP 8- Create final database tables. 

Corrected problem records and records selected from a group of redundant recurds for use in 

the OU 3 database are added to the DT(date).db table. 

STEP 9 -Copy main table to the OU 3 database directory for RFETS. 

The updated DT{date}.db table is copied to the OU 3 database directory for RFnS. 

0912019416:t 8pm 
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STEP 10 -Notify persons using OU 3 database of updated main table. 

Persons using.0U 3 data are notified of the new table with a DATABASE UPDATE form. 

Steps 3 through 10 are repeated with a modified cleanup script using QC data that were 

separated from original sample data during the cleanup process. The DQ{date}.db table is then 

created using cleaned-up QC data. 

A 4 . 0  ADDITIONAL DATA INPUT 

Additional data were entered into the OU 3 database to supplement the data extracted from 

RFEDS, incfuding data from the following sources: 

0 1984/85 Sediment Sampling investigation (DOE, 1 991 1 (see Artachments 1 and 

2 for a discussion of analyses performed to determine the useability of these 

data in the RFI/RI report for OU 3). 

0 Rock Creek Background Soii Samples (DOE, 1993a). 

Jefferson County Sampling Area Soii Samples. 

Background Geochemical Characterization Report (DOE, 1 993b). 

0 Benchmark- Survey Data for Points and Polygons. 

These additional data were received in various formats, and different procdures were used to 

prepare the data for use in the OU 3 database, depending on the source. Table A-5 

summarizes the dates received, format, and types of data and data prepatation procedures for 

each of these sources. 
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A-5.0 DATA ANALYSIS TABLE 

The Data Analysis table (DA(date}.db) is composed of records from the DT(date}.db, 

JT{date}.db, OT{date}.db, and NE{date).db tables. Additionally, the DA{date}.db table 

contains fields that refiect application of data-evaluation protocols. This section descnbes the 

data-evaluation protocols and outlines the procedures used to prepare the DA(date}.db table. 

A-5.1 Data Evaluation Protocols 

The data-evaluation protocols for the Draft RFI/RI report are based on Guidance for Data 

Useabilitv in Risk Assessments.(EPA, 1990) and a guidance memorandum from EG&G lEG&G, 

1994, included as Artachment 3). The eleven protocols described in this section are the data 

manipulation rules that were applied to prepare the DA{date}.db table for quantitative data 

analysis tasks. The protocols were designed to identify and eliminate data considered 

unacceptable for quantitative data analysis (e.g., data rejected a s  a result of data validation). 

Additionally, the protocols provide for consistent treatment of nondetects, QC samples, and 

other specific categories of data in the quantitative data analyses. 

A-5.1.1 Nonvalidated Data 

Any nonvalidated data in the OU 3 database were included in the DA{date}.db table and were 

used for quantitative data-analysis tasks for the Draft RFI/RI report. A total of 1,082 records in 

the OU 3 database used for the COC selection process (7 percent) were nonvalidated. 

A-5.1.2 VdidatedlOudified Data 

All data qualified with a 'J," and any other qualifiers except those with an "R," in the 

VALIDATION or NEWOUAUFlER fieids were included in the DA(date}.db table and were used in 

the quantitative data analysis tasks for the Draft RFI/RI report. Validated data flagged with an 

"R" in the VALIDATION field or nonvalidated data flagged with an "R" in the NEWQUALIFlER 

field were not included in the DA{date}.db table and therefore were not used in any 
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quantitative data analyses tasks for the Draft RFI/RJ report. Data flagged with an 'R' are 

rejected because they did not meet performance requirements in the sample or in the 

associated QC samples. The Rqualified data may be used qualitatively in the RRIRI report, if 

appropriate. 

A-5.1.3 QC Samples 

All QC samples (e.!&, trip blanks, field duplicates, laboratory replicates, etc.) were removed 

from the DA{date}.db table and were not used for quantitative analysis tasks for the RFI/RI 

report. The QC data were used to evaluate precision, accuracy, representativeness, 

compacability, and completeness (PARCCI under the RFI/RI Task 4. 

A-5.1.4 Treatment of DetectslNondetects for Inorganic Parameten 

Anaiytical results for metals and waterquality parameters were treated as deteas if the 

following conditions applied: 

0 The NEWCAUAUFlER field is blank. 

0 A sample is not qualified with a "U' in the NEWQUALlFlER field. A sample 

qualified with a 'U" is a nondetect and is below the insbvment detection limit. 

A sample is qualified with a '8' in the NEWQUAUAERfieid. The '8' qualifier 

signifies that the analytical result was below the contract-required reporting limit 

(CRDL) but above the insaument detection limit (IDL), Bqual ied data are 

considered to be detects and are used as such. 
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A-5.1.5 Treatment of Nondetects - Voiatfes, Semivoiatiies, Pesticides, and pc8s 

When applying any parametric analytical test, one-half the reported analvtical result (the 

NEWRESULT field in the database) was used for organic samples flagged with a "U" in the 

NEWQUALIFER field. All data flagged with a 'U" were counted as nondetects when 

performing detection frequency calculations. 

When applying any nonparametric analmcal test, the reported analytical result (the 

NEWRESULT field in the database) was used for organic samples flagged with a 'U" in the 

NEWOUAUFERS field. 

A-5.1.6. Treatment of Nondetects - Radionuclides 

DOE Order 5400.xy provides guidance on the treatment of radionuclide results at or below the 

detection limit. The DOE order states: "AH of t h e  actual values, inciuding those that are 

negative, should be inciuded in the statistical analyses. Practices such as assigning a zero, the 

detect limit value, or some in-between value to the belowdetectable data point, or discarding 

those data points can severely bias the resubng parameter estimates and should be avoided. 

... Data from censored distributions are more amenable to standard statistical analyses than are 

tbose from truncated distribvtions ....' 

Based on the DOE guidance, all radionuclide results were treated as detects for quantitative 

data-analysis tasks except for calculation of detection frequency. For calculating detection 

frequency, all results flagged with a 'U' in the NEWQUAUFER field were counted as 

nondetects. 

A-5.1.7 Treatment of Negative and Zero Results for Radionuclides 

Based on DOE Order 5400.xy, all radionuclides results, inciuding negative and zero values, 

were used in quantitative data-analysis tasks. For statistical tests requiring log-transformations 

of the radionuclide results (e.g., background statistical comparison tests), the distributions of 

DEN1001 6203.WPS 39l2019416: 18pm 
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results for a particular analyte for both OU 3 data and background data were shifted by adding 

a constant value to each result so that all results were positive. This shift was performed 

because catmiation of the naturat log of zero or negative values tesutts in an error. Therefore, 

n e v e  and zero values could not be included in the comparison test m e n  log-transformation 

was required if the shift was not performed. 

A-5.1.8 Treatment of Error 

The impact of the ERROR reported for the radionuclide parameters will be discussed in the 

RFI/RI Uncertainty Section. In cases where the ERROR is equal to or greater than 0.5 times the 

NEWRESULT value, there is less confidence in the reported resuit and a higher degree of 

uncertainty. For example, if the enor is subtracted from the result, the reported value may be 

less than the detection limit Data that fall in this category will be identified but not altered for 

quantitative data-analysis tasks. 

A-5.1.9 Treatment of Outlien 

An outlier is an extreme observation that does not conform to the pattern establiihed by other 

observations and is unlikely to be a valid member of the population of interest. An oudier may 

be the result of an incorrectly read, recorded, or transcribed measurement; an inconect 

calculation; an error in documentation (field or laboratory); 01 an actual ekfironmentai condition. 

To evaluate the presence of outliers, the following procedure was applied to the analytes, by 

sample type, for the sediment, surfacewater, and groundwater background data in the 

t q  (DOE, t993b) only (this screening process 

was notappiied to OU 3 data): 

1. Anomalous data were flagged. 

2. These flagged values were examined, then checked individualh if judged to be 

geochemically questionable. Each fagged oudier was evaluated with respect to 

the historical trend of the data for that specific location, as well as laboratory ! 
L 
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conditions such as  matrix interference, in an attempt to determine why the 

datum was aberrant. 

3. If the outlier resulted in a correctable mor, the value was changed, and the 

correct value was included in the data set. Data thar were believed to have 

resulted from laboratory contamination (e.&, acetone 'hits'), irresolvable 

transcription errors, or other noncorrectable errors that gave results not thought 

to1 be representative of background were excluded from subsequent statistical 

analyses. 

Ourfiers listed in Appendix E of the Backaround Geochemical Characterization ReDort have been 

excluded from the DA(date},db table of the OU 3 database and therefore, were not used in 

statisticab comparison tests. 

A-5.1.10 Averaging of Analyhcal Resotts for Surface Sod Samples Cdlected Using Different 

Methods 

Surfacesoil sarnpies were collected by two different methods: the Colorado Department of 

Public Health and the Environment (CDPHE) method and the RFETS/Modified Hazel method 

(MHM). The paired t-test at the 95 percent confidence level showed that the results from 

these two methods were not significantly different (see Attachment 4 for a detailed discussion 

of the statistical analysis). Therefore, results of the two methods for a sample location were 

averaged and this mean value for the sample Location was entered into the DA(date).db table 

of the OU 3 database in the NCNRESULT field for use in quantitative data-analysis tasks. 

A-5.2 PREPARATION OF DATA-ANALYSIS TABLES 

The following procedures were used to prepare the DA(date}.db table: 

1. A copy of the DT(date).db table was made and named DT2DA.db. 

DEN1 001 6203.WPS 0912019416: 18pm 
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2. The 'Rejected' (VALIDATION field contains an "R') data records were removed 

from the DT2DA.db table. 

3. The units were checked for consistency. 

4. The codes in the CHEMICAL NAME field were checked for consistency. 

5. A D€l€CT field was added to the table. The D m C T  field indicates if a record 

is a nondetect (U) or a detect ([BLANK]). If the NRN QUALIFIER field contained 

a *U,* then the DETECT field for the corresponding record contains a *U;* 

otherwise, the DETECT field was left blank. 

6. An AREA field was added to the table. The AREA field denotes if the record is 

background (8) or OU 3 site (S) data. For the DT2DA.db table, the AREA field 

was set to 'S' to denote that it is OU 3 site data. 

I 

7 .  The data from tbe DT2DA.db table were inserted into the DA{date}.db table. 

Procedures 1 through 7 were repeated for the JT(date}.db, OT{date}.db, and NB(date}.db 

tabies. After all tablks were combined into the DA{date}.db table, the following procedures 

were performed: 

8. The DA(date).db table was checked for overall consistency of units, 

9. The DA(date}.db table was checked for overall consistency of codes in the 

CHEMICAL N A M E  field. 

10. Fields from the data grouping table (DG{date}.db) were added to the 

DA(date).db table. Using the LOCATION CODE field as a link from the 

DA(date}.db to the DG(date}.db, the IHSS, DGTYPE, DGGRABCORE, and 

DGSOIL were linked into the DA{date}.db table. - 
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1 1. New fields (Le., ADJ D€ECT and ADJ RESULT), based on the data-evaluation 

protocols. were set up in the OA{date}.db table. The values in the DETECT and 

NEW RESULT fields were copied into theADJ D€TECT and ADJ RESULT fields 

so that both sets of fields contained the same data. The ADJ fields were then 

adjusted to reflect appiication of the data evaluation protocols, and the original 

fields were not changed. 

12. For all radionuclide records, the ARI DRECT field was set to a [BLANK] value 

to denote the record as a detect value. 

13. For all metal records, if the NEW QUALlflER fieid contained a 'B,' then the ADJ 

D€TECT field value was set to a [BLANK] value to denote the record as a 

detect. 

14. For all records that contained a 'U" in the ADJ DETECT field after completing 

procedures 12 and 13, the value in the ADJ RESULTS field was replaced with a 

proxy vaiue (i.e., one-half of the vaiue in the NEW RESULT field). 

15. The updated DA(date).db table was copied to a separate directoryy. 

16. Persons using OU 3 data were notified of the updated DA(date}.db table with a 

DATABASE UPDATE fonn. 

A-6.0 QUAtrry CONTROL CHECKS 

The following QC check were performed to verify the completeness and consistency of the 

OU 3 database: 

0 A QC audit of the ST(date).db table was performed using printom of the 

original source data- Any error or inconsistencies found in the ST{date).db table 

were corrected. 
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A list of missing data (i.e.. data requested from the laboratories but not 

contained in the DT(date}.db or DQ{dae).db tables) was produced by 

comparing the ST(date}.db table (Le., sample trackhg matrix that contains ali 

requested analyses for each sample number) to the DT{date}.db and the 

DQ{date).db tables. The records limed on the missing data iiSt were checked 

against the RFEDS data received from EG&G to vwify that all data received from 

WEDS were imported into the OU 3 database. 

SAMPLE LOCATION codes in the DB{date}.db, DG{date).db, and DA(date).db 

tables for OU 3 field investigation data were compared to SAMPLE LOCATlON 

codes in the ST{dae}.db table. No inconsistencies were found between 

SAMPLE LOCATlON codes in the tables. 

The DA(date}.db and DB(date).db tab& were checked for consistency of ! 
analyticai resuit units for each CHEMICAL NAME. Records with inconsistent 

units were c o r n e d .  

The DA{date}.db table was queried to verify it did not contain any QC samples 

or R-vaiidated/quaiified data. No QC samples or R-validated/qual%ed data were 

found. 

The DA{date}.db table was queried to verify it contained data for the following 

SAMPLE TYPES only: SS-surface soil plots, PT-pit trench soil samples, SW- 

surface water, SD-sediment, GW-groundwater, and Btbiota. These SAMPLE 

TYPES were found along with several records with "UN' (unknown) in the 

SAMPLE TYPE fieid. The records with 'UN' were corrected. 

Sample locations contained in the DG(date).db table for each medium were 

checked against the GIS plots to venfv all sample-location data were transferred 

to ARCANFO. Sample locations were found to be consistent between the 

DG{date).db table and the GIS plots. i 
L 
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Ten percent of the anaiytical data displayed on the GIS plots was checked 

against the NDN RESULT fieid in the DA(date}.db table for corresponding 

sample locations to verify that the analyTicai data were accurately transferred to 

ARC/lNFO. No errors were found in the analytical data on the GIS plots. 

Additionally, a QC check of the cleanup script was performed using a sample data set that 

contained historical data, QC data, and redundant records. No errors were found in the data 

set after cleanup; historicah records and QC data were separated, and redundant records were 

placed into the appropriate REJECT tables, as described in Subsection A-3.0. 
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APPENDIX B 
BACKGROUND COMPARXSON FOR METALS AND RADIONUCLIDES 

Concentrations of metals and activities of radionuclides measured in surface soil, subsurface soil, 
and groundwater can be compared to RFETS background concentzitions in order to identlfy OU 

andytes whose concentrations are statistically higher than background levels. These analytes are 
then identrfied as potential chemicals of concern for hrther evaluation. The RFETS background 
data for subsurface soil and groundwater were reported in the Background Geochermcal 
Characterization Report (DOE 1993). The background surface soil data were collected in the 
Rock Creek Area during the 1991 OU1 Phase III investigation and the 1993 OU2 Phase I1 
investigation. Analytical results from each medium can be pooled, and the background 
comparison performed on an OU-wide basis. OU UHSU groundwater results can be compared 
to background data for the UHSU OU borehole resuits can be compared to background data 

&om UHSU geologic material. OU surface soil results can be compared to data collected in the 
Rock Creek area. 

The procedures applied in the background comparison are shown in the flow chart in Figure B- 1. 

Three major steps are involved: (1) data aggregation, (2) statistical background comparisons, and 
(3) lognormal UTL assessment. Each of these steps is discussed below. 

B.l DATA AGGREGATION 

The chemical data are grouped by medium into three categories: (1) surface soil, (2) subsurface 
soil above the water table, and (3) groundwater (rJHSU). Analysis are performed on both 

unfiltered and filtered groundwater samples. An example of a background comparison summary 
table is provided in Table B-1. 

B.2 STATISTICAL BACKGROUND COMPARISON 

Background comparisons are performed according to the procedures @[en in the “Guidance 
Document. Statistical Comparisons of Site-to-Background Data in Support of RFyRl 
Investigations” @G&G 1994), which was primarily based on the methodology proposed by 
Gilbert (Gdbert 1993). The formal statistical tests are the Gehan test, Slippage test, Quantile test, 



and t-test. Analytical results are also compared to the upper tolerance limit (UTL,,) o f  
background to identlfjl high concentrations that may represent locallzed areas o f  contamination 
within the OU. The conditions for applying each of the tests are briefly discussed below. 

B.2.1 Formal Statistical Tests 

Four formal statistical test are performed to test the difference between the background and site 
populations. If any of the four statistical test are sigmficant, the analyte is considered to be a 
potential chemical of  concern. Sigdicance is defined as a p-value less than or equal to 0 05, the 
Type I (Ease positive) error rate- Nondetects of metals are treated as described below for each 
test. All the radionuclide results are treated as detects (per DOE Order 5400). 

Gehan Test 

The Gehan test (Gehan 1965, explained in Gilbert 1993) is non-parametric r&g test. It is 

performed for all analytes. For non-detects, the reporting limits are used for ranlung purposes. 

SliDpage Test 

The slippage test (Rosenbaum 1954), a non-parametric test, is performed by comparing the OU 
measurements to the maximum background measurement (detect or non-detect). The p-value 
for the probability of the number of  site measurements greater than the maximum background 
measurement is calculated. Reporting limits are used for non-detects. 

OuantiIe Test 

The Quantde test (Gilbert and Simpson 1992), a non-parametric test, is performed by &st ranking 
the combined background and OU measurements from largest to smallest. If  there are no non- 
detects among the top 20 percent of the combined background and OU measurements, the 
probabdity of the number of site measurements within the top 20% of  the data set is calculated. 
If there are any non-detects among the top 20% of  the measurements, no Quantile test is 
pdormed. 
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t-Test 

The t-test, a parametric statistical test, is performed if these conditions are met: (1) the non- 
detects in each of the data sets is less than 20 percent of the measurements; and (2) EITJER each 
of the data sets contains at least 20 points, OR both of the data sets are normally distributed. 

For simplicity, the t-test is only performed when condition (1) and the first option of condition 
(2) are met. Non-detect results for metals are replaced by one-half the reporting limits. 

The homogeneity of the variance is tested following Levene's test (EPA 1992). If the variances 
from both data sets are the same, the standard t-test is performed. If the variances are not the 
same, the unequal variance t-test (Helsel and Hirsch 1992) is performed. 

B.2.2 Upper Tolerance Limit (UTI.,,,) Comparisorr 

For each analyte in the background data, an upper tolerance h t  with 99 percent confidence and 

99 percent coverage (UTL,,) is calculated, assuming the background data are normally 
distributed (EG&G 1994). In calculating the UTI,, ifnon-detects were less than 80 percent of  

the data, one-halfthe reporting h t  is used as the result for non-detect samples. Otherwise, the 
maximum background measurement, instead of the UTI,,,, is used in the comparisons. For the 
radionuclides, all results are treated as detects (EG&G 1994). 

Each of  the OU measurements are compared to the applicable UTL,, E one or more OU 
measurement exceeds the background UTL,, the analyte is considered as a potential chemical 
of concern for hrther evaluation, even if the analyte did not exceed background levels according 
to the formal statistical evaluation. 

B.3 BACKGROUND COMPARISON RESULTS 

The number of inorganic potential chemicals of concern resulting &om the background 
comparisons can be summarized as shown in Table B-2. 
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B.4 LOGNORMAL UTL ASSESSMENT 

Analytes that are below background according to the formal statistical tests but fail the UTL,/, 
comparisons are evaluated hrther. The evaluation consists of performing a lognormal UTL,, 
comparison if the background data were lognormally distributed. 

According to the background comparison methodology (EG&G 1994), the U"IT&,m is calculated 
assuming a normal distribution of background data However, a lognormal distribution may 
better describe some geochemical data (EPA 1992), in which case calculating a lognormal UTL 
is more appropriate, as indicated in Gilbert (1993). Lognormal-based U T L h  are calculated 
for analytes that pass the formal statistical tests but fail the normal-based UTL,,w comparison. 
If' an andyte passes the lognomal-based comparison, probability plots are generated for 

both normal and lognormal distributions. E the probability piots indicate that the data better fits 
a lognormal distribution, and the analyhcal results are less than the lognormal UTL9,* then the 
andyte is eliminated &om the potential chemical of concern list. 

A positive constant can be added to the radionuclide results (inchding negative and zero values) 

to make all the results positive prior to log transformations. After the lognormal UTL,, is 

calculated based on this shifted distribution, the constant is subtracted from the calculated 

UTL,, to get the "true" lognormal UTL,, value. 

The results of  the lognormal based mm comparisons can then be presented in remarks 
columns in summary tables. Based on the resdts of the lognormal UTL,, comparison, analytes 
are eiirmnated as potential chemicals o f  concern: 
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Figure B-1 Background Comparison Process 
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